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Introduction 

The NEC microcomputer data book is issued in two 
volumes. 

• Volume 1: Single-Chip Products 

• Volume 2: Microprocessors, Peripherals, and DSP 
Products 

NEC offers a wide variety of single-chip microcomputer 
products for you to choose from. Volume 1 covers 
4-bit, 8-bit, and 16-bit microcomputers plus LCD peri- 
pheral products, both NMOS and CMOS, in an assort- 
ment of packages. This extraordinary selection pro- 
vides greater design alternatives with products that 
truly fit your needs in data processing, communica- 
tions, instrumentation, industrial, and consumer ap- 
plications. 

Volume 1 is divided into the following sections. 

1. General Information. This section includes ordering 
information, product selection guides, and ROM Code 
submission procedures. 

2. Quality and Reliability. The NEC concepts of de- 
signed-in quality and total quality control as a com- 
pany-wide activity are discussed here. 

3. Four-Bit Single-Chip Microcomputers. This section 
covers the 7500 Series, the 75000 Series, and the 
cost-effective, low-end mini-microcomputers known 
as 755x/756x. 

4. Eight-Bit Single-Chip Microcomputers. The 8-bit 
products include the popular 80xx/87xx and 80Cxx 
Series together with the high-end 7800 and 78000 
Series. 

5. Sixteen-Bit Single-Chip Microcomputers. The 16- 
bit microcomputers are CMOS products, type 70320/ 
70322. 

6. LCD Peripherals. Peripherals include LCD control- 
ler-driver products for alphanumeric, dot-addressable, 
and large-area displays. 

7. Development Tools. A comprehensive line of develop- 
ment hardware and software products support NEC's 
single-chip microcomputer families. 

8. Packaging. This section provides dimensioned 
package drawings and a cross-reference from package 
type to device numbers. 



Ordering Information 

Part numbers for ordering microcomputer products 
are listed on the first page of each data sheet. NEC's 
part numbers consist of four elements as shown in the 
example that follows. 

Part Numbering System 

fjtP D 7810H CW 



Package type 

Plastic DIP = C 

Plastic shrink DIP = CS, 

CT, CU, CW 
Cerdip = D 
Shrink cerdip = DW 
Plastic SO = G 
Plasticminiflat=G-00, G-12, 

G-22, G-R, G-F, G-1B 
Plastic QUIP = G-36 

Device identifier (alphanumeric) 



D 



Device type: D = Digital MOS 

NEC monolithic silicon integrated circuit 
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Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
(X8) 


RAM 
fX4) 


1/0 


Package 


Pins 


,uPD7500HG-36 


Microcomputer 


0.7 


4.5 to 5.5 


External 


256 


46 


Plastic QUIP 


64 


A/PD7500H-EG-36 


Microcomputer 


0.2 


4.5 to 5.5 


External 


256 


46 


Plastic QUIP 


64 


A/PD7501G-12 


Microcomputer with 
LCD Controller/Driver 


0.4 


2.5 to 6.0 


1K 


96 


24 


Plastic Miniflat 


64 


A/PD7502G-12 


Microcomputer with 
LCD Controller/Driver 


0.4 


2.7 to 6.0 


2K 


128 


23 


Plastic Miniflat 


64 


//PD7503G-12 


Microcomputer with 
LCD Controller/Driver 


0.4 


2.7 to 6.0 


4K 


224 


23 


Plastic Miniflat 


64 


//PD7506C 


Microcomputer 


0.4 


2.5 to 6.0 


1K 


64 


22 


Plastic DIP 


28 


/yPD7506CT 


Microcomputer 


0.4 


2.5 to 6.0 


1K 


64 


22 


Plastic Shrink DIP 


28 


//PD7506G-00 


Microcomputer 


0.4 


2.5 to 6.0 


1K 


64 


22 


Plastic Miniflat 


52 


//PD7507C 


Microcomputer 


0.4 


2.5 to 6.0 


2K 


128 


32 


Plastic DIP 


40 


/;PD7507CU 


Microcomputer 


0.4 


2.5 to 6.0 


2K 


128 


32 


Plastic Shrink DIP 


40 


/iPD7507G-00 


Microcomputer 


0.4 


2.5 to 6.0 


2K 


128 


32 


Plastic Miniflat 


52 


/yPD7507HC 


Microcomputer 


4.19 


2.7 to 6.0 


2K 


128 


32 


Plastic DIP 


40 


//PD7507HCU 


Microcomputer 


4.19 


2.7 to 6.0 


2K 


128 


32 


Plastic Shrink DIP 


40 


//PD7507HG-22 


Microcomputer 


4.19 


2.7 to 6.0 


2K 


128 


32 


Plastic Miniflat 


44 


//PD7507SC 


Microcomputer 


0.4 


2.2 to 6.0 


2K 


128 


20 


Plastic DIP 


28 


A<PD7507SCT 


Microcomputer 


0.4 


2.2 to 6.0 


2K 


128 


20 


Plastic Shrink DIP 


28 


//PD7508C 


Microcomputer 


0.4 


2.5 to 6.0 


4K 


224 


32 


Plastic DIP 


40 


,uPD7508CU 


Microcomputer 


0.4 


2.5 to 6.0 


4K 


224 


32 


Platic Shrink DIP 


40 


/uPD7508G-00 


Microcomputer 


0.4 


2.5 to 6.0 


4K 


224 


32 


Plastic Miniflat 


52 


/kPD75CG08E 


Piggyback EPROM 
Microcomputer 


0.4 


4.5 to 5.5 


4K 


224 


32 


Ceramic DIP 


40 


//PD7508HC 


Microcomputer 


4.19 


2.7 to 6.0 


4K 


224 


32 


Plastic DIP 


40 


//PD7508HCU 


Microcomputer 


4.19 


2.7 to 6.0 


4K 


224 


32 


Plastic Shrink DIP 


40 


//PD7508HG-22 


Microcomputer 


4.19 


2.7 to 6.0 


4K 


224 


32 


Plastic Miniflat 


44 


A/PD75CG08HE 


Piggyback EPROM 
Microcomputer 


4.19 


4.5 to 5.5 


4K 


224 


32 


Ceramic DIP 


40 


/uPD7508AC 


Microcomputer with 
FIP Driver 


0.4 


2.7 to 5.5 


4K 


208 


32 


Plastic DIP 


40 


AiPD7514G-12 


Microcomputer with 
LCD Controilier/Driver 


0.5 


2.7 to 6.0 


4K 


256 


31 


Plastic Miniflat 


80 


//PD7516HG-12 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


6K 


256 


53 


Plastic Miniflat 


64 


//PD7516HG-36 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


6K 


256 


53 


Plastic QUIP 


64 


//PD7516HCW 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


6K 


256 


53 


Plastic Shrink DIP 


64 


A/PD75CG16HE 


Piggyback EPROM 
Microcomputer with 
FIP Controller/Driver 


6.55 


4.5 to 5.5 


6K 


256 


53 


Ceramic QUIP 


64 
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Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
IX8) 


RAM 
(X4) 


I/O 


Package 


Pins 


A*PD7519G-12 


Microcomputer with 
F!P Controller/ Driver 


4.19 


2.5 to 6.0 


4K 


256 


53 


Plastic Miniflat 


64 


A/PD7519G-36 


Microcomputer with 
FIP Controller/Driver 


4.19 


2.5 to 6.0 


4K 


256 


53 


Plastic QUIP 


64 


A»PD7519CW 


Microcomputer with 
FIP Controller/Driver 


4.19 


2.5 to 6.0 


4K 


256 


53 


Plastic Shrink DIP 


64 


//PD75CG19E 


Piggyback EPROM 
Microcomputer with 
FIP Controller/Driver 


4.19 


4.5 to 5.5 


4K 


256 


53 


Ceramic DIP 


64 


A/PD7519HG-12 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


4K 


256 


53 


Plasti Miniflat 


64 


A<PD7519HG-36 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


4K 


256 


53 


Plastic QUIP 


64 


//PD7519HCW 


Microcomputer with 
FIP Controller/Driver 


6.55 


2.5 to 6.0 


4K 


256 


53 


Plastic Shrink DIP 


64 


/uPD75CG19HE 


Piggyback EPROM 
Microcomputer with 
FIP Controller/Driver 


6.55 


4.5 to 5.5 


4K 


256 


53 


Ceramic DIP 


64 


//PD7527AC 


Microcomputer with 
FIP Display 


0.6 


2.7 to 6.0 


2K 


128 


35 


Plastic DIP 


42 


A/PD7527ACU 


Microcomputer with 
FIP Display 


0.6 


2.7 to 6.0 


2K 


128 


35 


Plastic Shrink DIP 


42 


/yPD7528AC 


Microcomputer with 
FIP Display 


0.6 


2.7 to 6.0 


4K 


160 


35 


Plastic DIP 


42 


/uPD7528ACU 


Microcomputer with 
FIP Display 


0.6 


2.7 to 6.0 


4K 


160 


35 


Plastic Shrink DIP 


42 


//PD75CG28E 


Piggyback EPROM 
Microcomputer with 
FIP Display 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


/uPD7533C 


Microcomputer with 
A/D Converter 


0.5 


2.7 to 6.0 


4K 


160 


34 


Plastic DIP 


42 


A/PD7533CU 


Microcomputer with 
A/D Converter 


0.5 


2.7 to 6.0 


4K 


160 


34 


Plastic Shrink DIP 


42 


A<PD7533G-22 


Microcomputer with 
A/D Converter 


0.5 


2.7 to 6.0 


4K 


160 


34 


Plastic Minflat 


44 


A<PD75CG33E 


Piggyback EPROM 
Microcomputer with 
A/D Converter 


0.5 


4.5 to 5.5 


4K 


160 


34 


Ceramic DIP 


42 


//PD7537AC 


Microcomputer with 
FIP Driver 


0.6 


2.7 to 6.0 


2K 


128 


35 


Plastic DIP 


42 


A<PD7537ACU 


Microcomputer with 
FIP Driver 


0.6 


2.7 to 6.0 


2K 


128 


35 


Plastic Shrink DIP 


42 


/iPD7538AC 


Microcomputer with 
FIP Driver 


0.6 


2.7 to 6.0 


4K 


160 


35 


Plastic DIP 


42 


/L/PD7538ACU 


Microcomputer with 
FIP Driver 


0.6 


2.7 to 6.0 


4K 


160 


35 


Plastic Shrink DIP 


42 



■ 
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4-Bit, Single-Chip CMOS Microcomputer Selection Guide (cont) 


Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
|X8) 


RAM 
1X4) 


I/O 


Package 


Pins 


//PD75CG38E 


Piggyback EPROM 
Microcomputer with 
FIP Driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


//PD7554CS 


Microcomputer with 
Serial I/O 


0.7 


2.5 to 6.0 


1K 


64 


16 


Plastic Shrink DIP 


20 


//PD7554G 


Microcomputer with 
Serial I/O 


0.7 


2.5 to 6.0 


1K 


64 


16 


Plastic SO 


20 


^PD7556CS 


Microcomputer with 
Comparator 


0.7 


2.5 to 6.0 


1K 


64 


20 


Plastic Shrink DIP 


24 


//PD7556G 


Microcomputer with 
Comparator 


0.7 


2.5 to 6.0 


1K 


64 


20 


Plastic SO 


24 


//PD7564CS 


Microcomputer with 
Serial I/O 


0.7 


2.7 to 6.0 


1K 


64 


15 


Plastic Shrink DIP 


20 


A/PD7564G 


Microcomputer with 
Serial I/O 


0.7 


2.7 to 6.0 


1K 


64 


15 


Plastic SO 


20 


//PD7566CS 


Microcomputer with 
Comparator 


0.7 


2.7 to 6.0 


1K 


64 


19 


Plastic Shrink DIP 


24 


/(/PD7566G 


Microcomputer with 
Comparator 


0.7 


2.7 to 6.0 


1K 


64 


19 


Plastic SO 


24 


A/PD75104CW 


Microcomputer 


4.19 


2.5 to 6.0 


4K 


320 


58 


Platic Shrink DIP 


64 


//PD75104G-1B 


Microcomputer 


4.19 


2.5 to 6.0 


4K 


320 


58 


Plastic Miniflat 


64 


A/PD75106CW 


Microcomputer 


4.19 


2.5 to 6.0 


(6016) 


320 


58 


Plastic Shrink DIP 


64 


A/PD75106G-1B 


Microcomputer 


4.19 


2.5 to 6.0 


(6016) 


320 


58 


Plastic Miniflat 


64 


//PD75108CW 


Microcomputer 


4.19 


2.5 to 6.0 


8K 


512 


58 


Plastic Shrink DIP 


64 


//PD75108G-1 B 


Microcomputer 


4.19 


2.5 to 6.0 


8K 


512 


58 


Plastic Miniflat 


64 


//PD75P108CW 


Microcomputer with 
On-Chip OTPROM 


4.19 


2.5 to 6.0 


8K 


512 


58 


Plastic Shrink DIP 


64 


//PD75P108DW 


Microcomputer with 
On-Chip EPROM 


4.19 


2.5 to 6.0 


8K 


512 


58 


Plastic Shrink DIP 


64 


//PD75P108G-1B 


Microcomputer with 
On-Chip OTPROM 


4.19 


2.5 to 6.0 


8K 


512 


58 


Plastic Miniflat 


64 
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8-Bit, Single-Chip Microcomputer Selection Guide 


Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
IX8) 


RAM 
IX8) 


I/O 


Package 


Pins 


//PD78C05AG-36 


CMOS Microcomputer 


6.25 


2.6 to 6.0 


External 


128 


46 


Plastic QUIP 


64 


/yPD78C06AG-12 


CMOS Microcomputer 


6.25 


2.5 to 6.0 


4K 


128 


46 


Plastic Miniflat 


64 


J/PD7807CW 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


External 


256 


28 


Plastic Shrink DIP 


64 


//PD7807G-36 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


External 


256 


28 


Plastic QUIP 


64 


A/PD7808CW 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


4K 


256 


40 


Plastic Shrink DIP 


64 


//PD7808G-36 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


4K 


256 


40 


Plastic QUIP 


64 


//PD7809CW 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic Shrink DIP 


64 


//PD7809G-36 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic QUIP 


64 


//PD78P09R 


NMOS Microcomputer 
with Comparator 


12 


4.5 to 5.5 


EPROM 
8K 


256 


40 


Ceramic QUIP 
with Window 


64 


/uPD7810CW 


NMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


Plastic Shrink DIP 


64 


//PD7810G-36 


NMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


Plastic QUIP 


64 


/uPD78C10CW 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


Plastic Shrink DIP 


64 


/yPD78C10G-1B 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


Plastic Miniflat 


64 


//PD78C10G-36 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


Plastic QUIP 


64 


//PD78C10L 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


32 


PLCC 


68 


//PD7810HCW 


NMOS Microcomputer 
with A/D Converter 


15 


4.5 to 5.5 


External 


256 


32 


Plastic Shrink DIP 


64 


/L/PD7810HG-36 


NMOS Microcomputer 
with A/D Converter 


15 


4.5 to 5.5 


External 


256 


32 


Plastic QUIP 


64 


^PFD7811CW 


NMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Plastic Shrink DIP 


64 


/iPD7811G-36 


NMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Plastic QUIP 


64 


/yPD78C11CW 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Plastic Shrink DIP 


64 


/yPD78C11G-1B 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Plastic Miniflat 


64 


/yPD78C11G-36 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Plastic QUIP 


64 


/iPD78C11L 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


PLCC 


68 



■ 
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Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
(X8) 


RAM 
1X8) 


I/O 


Package 


Pins 


/uPD7811HG-36 


NMOS Microcomputer 
with A/D Converter 


15 


4.5 to 5.5 


4K 


256 


44 


Plastic QUIP 


64 


//PD78PG11E 


Piggy Back EPROM 
NMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


4K 


256 


44 


Ceramic QUIP 


64 


//PD78C14CW 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


16K 


256 


44 


Plastic Shrink DIP 


64 


//PD78C14G-1B 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


44 


Plastic Miniflat 


64 


A/PD78C14G-36 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


44 


Plastic QUIP 


64 


//PD78C14L 


CMOS Microcomputer 
with A/D Converter 


12 


4.5 to 5.5 


External 


256 


44 


PLCC 


68 


//PD78310CW 


CMOS Microcomputer 


12 


4.5 to 5.5 


External 


256 


28 


Plastic Shrink DIP 


64 


//PD78310G-1B 


CMOS Microcomputer 


12 


4.5 to 5.5 


External 


256 


28 


Plastic Miniflat 


64 


//PD78310G-36 


CMOS Microcomputer 


12 


4.5 to 5.5 


External 


256 


28 


Plastic QUIP 


64 


/uPD78310L 


CMOS Microcomputer 


12 


4.5 to 5.5 


External 


256 


28 


PLCC 


68 


^PD78312CW 


CMOS Microcomputer 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic Shrink DIP 


64 


//PD78312G-1B 


CMOS Microcomputer 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic Miniflat 


64 


//PD78312G-36 


CMOS Microcomputer 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic QUIP 


64 


/(/PD78312L 


CMOS Microcomputer 


12 


4.5 to 5.5 


8K 


256 


40 


PLCC 


68 


//PD78P312G-36 


EPROM Microcomputer 


12 


4.5 to 5.5 


8K 


256 


40 


Plastic QUIP 


64 


A,PD8035HLC 


HMOS Microcomputer 


6 


4.5 to 5.5 


External 


64 


27 


Plastic DIP 


40 


//PD80C35C 


CMOS Microcomputer 


6 


4.5 to 5.5 


External 


64 


27 


Plastic DIP 


40 


/iPD8039HLC 


HMOS Microcomputer 


11 


4.5 to 5.5 


External 


128 


27 


Plastic DIP 


40 


//PD80C39HC 


CMOS Microcomputer 


12 


2.5 to 6 


External 


128 


27 


Plastic DIP 


40 


juPD80C40HC 


CMOS Microcomputer 


12 


2.5 to 6 


External 


256 


27 


Plastic DIP 


40 


//PD8041AHC 


NMOS Microcomputer 
with Universal PPI 


11 


4.5 to 5.5 


1K 


64 


18 


Plastic DIP 


40 


A/PD80C42C 


CMOS Microcomputer 
with Universal PPI 


12 


4.5 to 5.5 


2K 


128 


18 


Plastic DIP 


40 


/uPD80C42G-22 


CMOS Microcomputer 
with Universal PPI 


12 


4.5 to 5.5 


2K 


128 


18 


Plastic Miniflat 


44 


//PD8048HC 


HMOS Microcomputer 


6 


4.5 to 5.5 


1K 


64 


27 


Plastic DIP 


40 


/yPD80C48C 


CMOS Microcomputer 


6 


2.5 to 6.0 


1K 


64 


27 


Plastic DIP 


40 


//PD80C48G-00 


CMOS Microcomputer 


6 


2.5 to 6.0 


1K 


64 


27 


Plastic Miniflat 


52 


//PD48G-22 


CMOS Microcomputer 


6 


2.5 to 6.0 


1K 


64 


27 


Plastic Miniflat 


44 


^PD8049HC 


HMOS Microcomputer 


11 


4.5 to 5.5 


2K 


128 


27 


Plastic DIP 


40 


/yPD80C49HC 


CMOS Microcomputer 


12 


2.5 to 6.0 


2K 


128 


27 


Plastic DIP 


40 


//PD80C49G-00 


CMOS Microcomputer 


12 


2.5 to 6.0 


2K 


128 


27 


Plastic Miniflat 


52 


A/PD49HG-22 


CMOS Microcomputer 


12 


2.5 to 6.0 


2K 


128 


27 


Plastic Miniflat 


44 
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Device 


Description 


Clock 
(MHz) 


Supply 
Voltage 

m 


ROM 
1X8) 


RAM 
(X8) 


I/O 


Package 


Pins 


//PD80C50HC 


CMOS Microcomputer 


12 


2.5 to 6.0 


4K 


256 


27 


Plastic DIP 


40 


/>PD50HG-22 


CMOS Microcomputer 


12 


2.5 to 6.0 


4K 


256 


27 


Plastic Miniflat 


44 


yuPD8741AD 


NMOS Microcomputer 
with Universal PPI 


6 


4.5 to 5.5 


1K 


64 


18 


Cerdip with 
Window 


40 


A<PD8748HC 


NMOS Microcomputer 
with UV EPROM 


11 


4.5 to 5.5 


1K 


64 


27 


Plastic DIP 


40 


/yPD8748HD 


NMOS Microcomputer 
with UV EPROM 


11 


4.5 to 5.5 


1K 


64 


27 


Cerdip with 
Window 


40 


A<PD8749HC 


HMOS Microcomputer 


11 


4.5 to 5.5 


2K 


128 


27 


Plastic DIP 


40 


A(PD8749HD 


HMOS Microcomputer 


11 


4.5 to 5.5 


2K 


128 


27 


Cerdip with 
Window 


40 




16-Bit, Single-Chip Microcomputer Selection Guide 


Device 


Description 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


ROM 
(X8) 


RAM 
(X8) 


1/0 


Package 


Pins 


//PD70320G-12 


CMOS Microcomputer 


10 


4.5 to 5.5 V 


16K 


256 


32 


Plastic Miniflat 


80 


/uPD70320L 


CMOS Microcomputer 


10 


4.5 to 5.5 V 


16K 


256 


32 


PLCC 


84 


/iPD70322G-12 


CMOS Microcomputer 


10 


4.5 to 5.5 V 


16K 


256 


32 


Plastic Miniflat 


80 


//PD70322L 


CMOS Microcomputer 


10 


4.5 to 5.5 V 


16K 


256 


32 


PLCC 


84 




CMOS LCD Peripheral Selection Guide 


Device 


Description 


No. of 
Rows 


No. of Clock 
Column (MHz) 


Supply 

Voltage 

(V) 


Power Dissipation 

Active Standby 
(mA) (mA) 


Package 


Pins 


//PD6307G-F 


LCD Row Driver 


32 


- 2.5 


4.5 to 5.5 


1 


- 


Plastic Miniflat 


54 


/uPD6307G-R 


LCD Row Driver 


32 


- 2.5 


4.5 to 5.5 


1 


' — 


Plastic Miniflat 
Reverse leads 


54 


//PD6308G-F 


LCD Column Driver 


- 


40 2 


4.5 to 5.5 


1.2 


- 


Plastic Miniflat 


54 


AfPD6308G-R 


LCD Column Driver 


— 


40 2 


4.5 to 5.5 


1.2 


— 


Plastic Miniflat 
Reverse leads 


54 


//PD7225G-00 


LCD Controller/Driver 


4 


32 0.2 


2.7 to 5.5 


0.1 


- 


Plastic Miniflat 


52 


A/PD7227G-12 


LCD Controller/Driver 


8 


40 1 


+5 


0.2 


- 


Plastic Miniflat 


64 


A/PD7228G-12 


LCD Controller/Driver 


8/16 


42/50 1.1 


+5 


0.2 


0.02 


Plastic Miniflat 


80 


AfPD72030G-12 


LCD Display Controller 


- 


- 6 


+5 


5 


0.001 


Plastic Miniflat 


64 



D 
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Part 
Number 


Emulator 


Add-On Board System 
(Required) Evaluation Board 


EPROM 
Device 


A/PD7501 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


//PD7502 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


/uPD7503 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


/uPD7506 


EVAKIT-7500B 


- SE-7508 


- 


A/PD7507 


EVAKIT-7500B 


- - 


//PD75CG08E 


/uPD7507H 


EVAKIT-7500B 


EV7508H - 


A(PD75CG08HE 


A(PD7507S 


EVAKIT-7500B 


- SE-7508 


- 


A/PD7508 


EVAKIT-7500B 


- - 


A/PD75CG08E 


//PD7508A 


EVAKIT-7500B 


- SE-7508 


- 


//PD7508H 


EVAKIT-7500B 


EV7508H - 


/iPD75CG08HE 


pPD7514 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


W PD7516H 


EVAKIT-7500B 


EV7500FIP - 


/L/PD75CG16HE 


/iPD7519 


EVAKIT-7500B 


EV7500FIP -. 


//PD75CG19E 


AfPD7519H 


EVAKIT-7500B 


EV7500FIP - 


/uPD75CG19HE 


A/PD7527 


EVAKIT-7500B 


EV7528 - 


J/PD75CG28E 


//PD7528 


EVAKIT-7500B 


EV7528 - 


//PD75CG28E 


A/PD7533 


EVAKIT-7500B 


EV7533 - 


A<PD75CG33E 


A/PD7537 


EVAKIT-7500B 


EV7528 - 


//PD75CG38E 


/iPD7538 


EVAKIT-7500B 


EV7528 - 


//PD75CG38E 


vuPD7554 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


//PD7556 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


//PD7564 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


A/PD7566 


EVAKIT-7500B 


EV7554A SE-7554A 


- 



//PD75000 Series Hardware 
Development Tool Selection Guide 


Device 


Description 


EV75108 


Add-on board 


EV75208 


Add-on board 
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Part 
Number 


Emulator 


Real-time 

Trace 

Board 


Add-on 
Board 


System 

Evaluation 

Board 


EPROM 
Device 


A<PD78C05A 


EVAKIT-87LC [Note 1] 


EV87LCRTT 


EV78C06A 


SE-78C06 


- 


A/PD78C06A 


EVAKIT-87LC 


EV87LCRTT 


EV78C06A 


SE-78C06 


- 


//PD7807 


IE-7809-M 


- 


- 


- 


//PD78P09R 


A/PD7808 


IE-7809-M 


- 


- 


- 


//PD78P09R 


//PD7809 


IE-7809-M 


- 


- 


- 


//PD78P09R 


//PD7810 


EVAKIT-87AD [Note 1] 
IE-87AD-M 


EV87ADRTT 


_ 


_ 


— 


AfPD7810H 


IE-7811H 


- 


- 


- 


- 


A»PD78C10 


IE-78C11-M 


- 


- 


- 


- 


/yPD7811 


EVAKIT-87AD [Note 1] 
IE-87AD-M 


EV87ADRTT 


_ 


_ 


A<PD78PG11E 
//PD78PG11E 


//PD7811H 


IE-7811H 


- 


- 


- 


,uPD78PG11E[Note2] 


//PD78C11 


IE-78C11-M 


- 


- 


- 


- 


/yPD78C14 


IE-78C11-M 


- 


- 


- 


- 



E 



Notes: 

(1) Addresses 0-OFFFH access memory on the Evakit only. 

(2) Special selected parts. 



A/PD78000 Series Hardware 
Development Tool Selection Guide 

Device Description 



IE-310-R 



Stand-alone in-circuit emulator 



A/PD70320/322 Hardware Development 
Tool Selection Guide 



Device 



Description 



IE-70322 



Portable stand-alone in-circuit emulator 



//PD8048 Series Hardware 
Development Tool Selection Guide 


Part 
Number 


Emulator 


System 

Evaluation 

Board 


EPROM 
Device 


A/PD8035H 


EVAKIT-84C-1 


- 


- 


A<PD8048H 


EVAKIT-84C-1 


- 


A(PD8748H* 


//PD8039H 


EVAKIT-84C-1 


- 


- 


//PD8049H 


EVAKIT-84C-1 


- 


//PD8749H* 


//PD80C39H 


EVAKIT-84C-1 


- 


- 


//PD80C48 


EVAKIT-84C-1 


SE-80C50H 


- 


A/PD80C35 


EVAKIT-84C-1 


- 


- 


//PD80C49H 


EVAKIT-84C-1 


SE-80C50H 


- 


//PD80C40H 


EVAKIT-84C-1 


- 


- 


A<PD80C50H 


EVAKIT-84C-1 


SE-80C50H 


- 


A<PD80C42 


EVAKIT-80C42 


- 


A<PD8741A 



*/uPD8748H and£/PD8749H are both available in erasable windowed 
packages or in the economical one time programmable plastic 
package. 



Conversion Board 


Function 


EV-9001-64 


64-pin QUIP to 64-pin shrink DIP 


EV-9002-42 


42-pin standard DIP to 42-pin shrink DIP 


EV-9002-40 


40-pin standard DIP to 40-pin shrink DIP 


EV-9002-28 


28-pin standard DIP to 28-pin shrink DIP 
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MD-086 Series Microcomputer 
Development System Selection Guide 



Device Description 



MD-086FD-10 MD-086 series, floppy-disk based system 

MD-086HD-10 MD-086 series, floppy-hard-disk based system 

MD-086DK Hard-disk upgrade for MD-086FD-10 

MD-910TM Character display terminal 



MD-910TM Character Display Terminal 
Development System Selection Guide 

Device Description 

MD-910TM Character display terminal 



PG1000 PROM Programmer 
Selection Guide 

Device Description 

PG1003 Plug-in personality module 

PG1005 Plug-in personality module 
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Ordering Procedure for 
ROM-Based Microcomputer Products 



The devices listed below are ROM-based micro- 
computer products. 



/C/PD70322 
/C/PD7501 
//PD7502 
//PD7503 

//PD7506 
//PD7507 
//PD7507H 
/7PD7507S 

//PD7508 
//PD7508H 
/^PD7514 
//PD7516H 

//PD7519 
//PD7519H 
//PD7527A 
//PD7528A 



//PD7533 
//PD7537A 
/^PD7538A 
yuPD7554 

//PD7556 
//PD7564 
/yPD7566 
//PD75104 

//PD75106 
//PD75108 
)UPD75206 
//PD75208 

A/PD78C06A 
/yPD7809 
/yPD7811 
yuPD7811H 



yuPD78C11 
//PD78C14 
yuPD78312 
yuPD8041AH 

yuPD80C42 
yuPD8048H 
yuPD80C48 
//PD8049H 

//PD80C49H 
yuPD80C50H 
/yPD8355 



Please use the following ordering guidelines. Contact 
your local sales representative for assistance and to 
obtain the necessary forms. 

A complete order must include: 

□ Two copies of ROM code information contained in 
either the equivalent memory EPROMs or EPROM- 
based microcomputers. 

□ ROM code submission form (provided by your 
local sales representative); see next three pages. 

□ Your engineering specifications, if applicable. 
Please ignore this item if NEC has already reviewed 
your specification. 

□ Mask charge payment. 

□ Liability agreement for ROM-based work-in-prog- 
ress. The NEC form, "ROM-Based Microprocessors 
Agreement," can be obtained from your local sales 
representative. 

□ Your purchase order. 

NEC Electronics Inc. will return the ROM code patterns 
in the EPROM media together with a code listing and a 
ROM-code verification form to you. Please return the 
verification form to verify the code in the EPROM 
provided by NEC. NEC guarantees that the final 
product will contain the same code you verified. 

Summary: 

Step 1 □ Customer submits a complete order, includ- 
ing the items listed above. 

Step 2 □ NEC returns ROM pattern to customer 
together with a ROM-code verification form 
and a code listing. 

Step 3 □ Customer verifies code received from NEC 
and returns verification form. 

Step 4 □ NEC acknowledges customer order and 
begins production. 



E 
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SEC ROM CODE 

NEC Electronics Inc. SUBMISSION 



To: NEC Electronics Inc. Date . 

Corporate Headquarters 
401 Ellis Street, P.O. Box 7241 
Mountain View, CA 94039 

Attn: ROM Code Administrator 



We are ready to place a purchase order for our , your , and are 

Customer Pari Number NEC Part Number 

submitting two copies of the ROM code on the following medium/media. (Please check all applicable boxes.) 

□ A/PD2764 □ /uPD70P322 □ jiPD78P09 □ //PD8741A 

□ /uPD27128 □ //PD75P108 □ /L.PD78P312 □ //PD8748H 

□ a»PD77P20 □ //PD8749H 

□ //PD8755A 

This device should be manufactured as follows: (Please check all applicable boxes.) 

□ To our engineering specification # 

□ With special marking: 



□ With the I/O port loading options (available only on the devices listed on this form). 

□ Lead type (if applicable) Bent Straight 

□ Application 



NEC Electronics Inc. 

Please return the processed ROM code to the following individual for our verification. 



Shipping Address (not a P.O. Box. please) 



Telephone Number 

Customer 

Please send this form and the items listed below in a package clearly marked "ROM CODE Enclosed" to the address 
above. 

• Two copies of ROM code 

• Engineering specification, if applicable. Not required if NEC has already reviewed the specification. 

• Mask charge payment. 

• Signed "ROM-Based Microprocessors Agreement" 

• Purchase order 



Form No. NEC-0000071 Rev. B 7/86 &1986 NEC Electronics Inc 
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SEC 


/JPD7519, VPD7519H, /JPD7516H 


fiPD7S2 


7A, (JPD7528A, /jPD7S37A, fjPD7538A 

I/O Port Loading Option 


Pin 


I/O Port Loading Option 


Pin 






Pull-down 


P0 /INTO 


a Direct connection (no □ Zero-crossing 






resistor to 




zero-crossing detector) detector 




Open drain 


v L0AD 






Pull-down 


So 


D 


□ 






resistor to 


Si 

s 2 

S3 


a 


D 


□ 

D 
D 


P2 3 -P2i 
P3 3 -P3o 


Open drain 

□ 

D 


"load 

D 
D 


s 4 


D 


□ 


P4 3 -P4 


D 


□ 


s 5 


□ 


D 


P5 3 -P5o 


D 


□ 


s 6 

S7 


□ 
□ 


□ 
D 


P80 
P81 


D 
□ 


a 
□ 


T 8 /S 8 


□ 


D 


P82 


□ 


□ 


T9/S9 


D 


D 


P83 


D 


D 


T10/S10 

Tn/Sn 


□ 

□ 


□ 

D 


P9 
P91 


D 
□ 


a 
a 


T12/S12 


□ . 


□ 


P92 


□ 


□ 


T13/S13 


D 


□ 


P93 


□ 


D 


T 14 /Si4 
T 15'Si5 


□ 
□ 


□ 
□ 


P10 
P10i 


D 
□ 


a 
□ 


TO 


D 


D 


P10 2 


□ 


a 


Tl 


□ 


□ 


PIO3 


D 


D 


T 2 
T 3 


□ 
□ 


D 
□ 


P11 
P11-, 


□ 

D 


D 

□ 


T4 


D 


□ 


P11 2 


D 


a 


T 5 


□ 


□ 


P113 


□ 


D 


T 6 


□ 


□ 








T7 


□ 


D 


IJPD7554, /JPD7564 




Pin 


I/O Port Loading Option 










Pull-up 


Pull-down No internal 










resistor 


resistor resistor 








POo 


D 


□ □ 








POi 


□ 


n □ 








po 2 


□ 


□ .□ 








po 3 


□ 

((-channel, 
open drain 


□ D 

CMOS, push- 
pull output 








P80 


□ 


□ 








PS, 

P82 
P83* 


□ 
□ 

□ 


D N-channel. 

g open-drain, 

and pull-up 








P10 


D 


D D 








P101 


□ 


□ □ 








P10 2 


D 


□ D 








P103 


□ 


□ 








P110 


D 


□ D 








Pill 


□ 


D □ 








P11 2 


D 


□ D 








P113 


□ 


□ □ 








Oscillator 


D R-oscillator 


□ External clock (7554 only) 








RESET 


D No internal resistor □ Pull-down resistor 








* If P83 is 


jsed for CL2, the N-channel open-drain option should be 








selected 


In this case, P83 cannot function as a port. 


Form No 


NEC-00O0O71 Rev 


. B 7/86 
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SEC 


(1PD7556, (1PD7566 








fjPD75104, /JPD75106 


Pin 




I/O Port Loading Option 




Pin I/O Port Loading Option 
Pull-up 




Pull-up 


Pull-down 


No internal 






resistor 


resistor 


resistor 




Open drain resistor 


P0 


D 


D 


D 


Vref 


P12 D D. 


POi 


D 


"D 


D 


D 


P^ D D 


P0 2 

P0 3 


n 

D 


D 
D 


D 
D 


Comparator 
input 


P12 2 D D 
P12 3 D □ 


P1rj 


D 


D 


D 


D 


P13 a D 


P11 


D 


D 


D 


D 


P13-1 a d 


P1 2 


D 


D 


D 


D 


P13 2 D D 


P13 


D 


D 


D 


D 


P13 3 D D 




N-channel, 


CMOS, push 






P14 □ D 
P14i D D 




open-drain 


pull output 






P8 


D 


D 






P14 2 n a 


P81 


D 


D 






P14 3 D D 


P8 2 


D 


D 









P83* 


D 


n 






Power-on reset flag D Yes D No 


P9 


D 


D 


N-channel, 
open-drain, 




Power-on reset generator D Yes* □ No 


P91 


D 


n 


and pull-up 




* If power-on reset generator is selected, power-on reset flag must 


P10 


D 


D 


D 




be selected also. 


P10, 


D 


D 


D 






P10 2 


D 


D 


D 




//PD80C48 


PIO3 


D 


D 


□ 




Pin I/O Port Loading Option 


P11 


D 


D 


□ 




CMOS TTL-compatlble 


P111 


O 


n 


D 




r-5 aiAJ [-50 mA) 


P11 2 
P113 


D 

a 


D 
D 


D 
D 




PI0-PI7 D D 
P2 -P2 3 D □ 


Oscillator 


D R-oscillator 




D External clock (7556 only) 


P2 4 -P2 7 D D 


RESET 


D No internal resistor 


D Pull-down resistor 




Vref 


D No internal bias 


D Internal bias 
















UPD80C49H, (JPD80C50H 


* If P83 is 

selected 




open-drain opti 
iction as a port. 






In this case, P8 


) cannot fu 




Pin I/O Port Loading Option 












CMOS No pull-up TTL-compatible 












|-5/iA) resistor (-50 //A) 












PO0-PO7 □ D D 












PI0-PI7 D D □ 












P2 4 -P2 7 D D D 


Form No. 


NEC-0000071 Rev. B 7/86 
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Introduction 

As large-scale integration reaches a higher level of 
density, reliability of devices imposes a profound 
impact on system reliability. And as device reliability 
becomes a major factor, test methods to assure accept- 
able reliability become more complicated. Simply 
performing a reliability test according to a con- 
ventional method cannot satisfy the demanding require- 
ments for higher reliability. At these new, higher levels 
of LSI density, it is increasingly difficult to activate all 
the elements in the internal circuits. A different phi- 
losophy and methodology is needed for reliability as- 
surance. Moreover, as integration density increases, 
the degradation of internal elements in an LSI device is 
seldom detected by measuring characteristics across 
external terminals. 

In order to improve and guarantee a certain level of 
reliability for large-scale integrated circuits, it is es- 
sential to build quality and reliability into the product. 
Then, the conventional reliability tests are followed to 
ensure that the product demonstrates an acceptable 
level of reliability. 

NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line. 
By adopting TQC, NEC can build quality into the 
product and thus assure higher reliability. The concept 
and methodology of total quality control are company- 
wide activities involving workers, engineers, quality 
control staffs, and all levels of management. 

NEC has also introduced a prescreening method into 
the production line that helps eliminate potentially 
defective units. The combination of building quality in 
and screening projected early failures out has resulted 
in superior quality and excellent reliability. 

Technology Description 

Most large-scale integrated circuits utilize high-density, 
MOS technology. State-of-the-art high performance 
has been achieved by introducing fine-line generation 
techniques. By reducing physical parameters, circuit 
density and performance increase while active circuit 
power dissipation decreases. The data presented here 
shows that this advanced technology yields products 
as reliable as those from previous technologies. 



Reliability Testing 

Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a 
required function under stated conditions for a stated 
period of time. This involves the concept of probability, 
definition of required function(s), and the critical 
time used in defining the reliability. 

Definition of a required function, by implication, treats 
the definition of a failure. Failure is defined as the 
termination of the ability of a device to perform its 
required function. Furthermore, a device is said to 
have failed if it shows inability to perform within 
quaranteed parameters as given in an electrical 
specification. 

Discussion of reliability and failure can be approached 
in two ways: with respect to systems or to individual 
devices. The accumulation of normal device failure 
rates constitutes the expected failure rate of the system 
hardware. Important considerations here are the con- 
stant failure period, the early failure (infant mortality) 
period, and overall reliability level. With regard to 
individual devices, areas of prime interest include 
specific failure mechanisms, failures in accelerated 
tests, and screening tests. 

Some of these failure considerations pertain to both 
systems and devices. The probability of no failures in a 
system is the product of the probability of no failure in 
each of its components. The failure rate of system 
hardware is then the sum of the failure rates of the 
components used to construct the system. 

Figure 1. Reliability Life (Bathtub) Curve 
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Life Distribution 

The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 1. The 
curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 

Infant mortality, as the name implies, represents the 
early-life failures of devices. These failures are usually 
associated with one or more manufacturing defects. 

After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in 
the failure rate due to the depletion of potential random 
failures from the general population. 

The wearout failures occur at the end of the device's 
useful life. They are characterized by a rapidly rising 
failure rate overtime as devices wear out both physical- 
ly and electrically. 

Thus, for devices that have very-long life expectancies 
compared to those of systems, the areas of concern 
will be the infant mortality and the random failure 
portions of the population. 

The system failure rates are related to the collective 
device failure rates. In a given system, after elimination 
of the early failures, the system will be left to the failure 
rate of its components. In order to make proper 
projections of the failure rate in the operating environ- 
ment, time-to-failure must be accelerated in tests in a 
predictable way. 

Failure Distribution at NEC 

Integrated circuits returned to NEC from the field 
underwent extensive failure analysis at NEC's Inte- 
grated Circuit Division. 

First, approximately 50 percent of the field returns 
were found to be damaged either from improper 
handling or misuse of the devices. These units were 
eliminated from the analysis. The remaining failed 
units were classified by their failure mechanisms as 
depicted in figure 2. These failures were then related to 
the major integrated circuit failure mechanisms and to 
their origins in a particular manufacturing step. 

As shown in figure 2, the first four failure mechanisms 
accounted for more than 90 percent of total failures. As 
a result, NEC improved processes and material to 
reduce these failures. Additionally, NEC introduced 
screening procedures to detect and eliminate defective 
devices. 



Temperature, humidity, and bias tests are used for 
testing the moisture resistance of plastic encapsulated 
integrated circuits. NEC developed a special process 
to improve the plastic encapsulation material. As a 
result, moisture-related— thus packaging-related— fail- 
ures have been drastically reduced. 

As a preventive measure, NEC has introduced a special 
screening procedure embedded in the production line. 
A burn-in at an elevated temperature is performed for 
100 percent of the lots. This burn-in effectively removes 
the potentially defective units. In addition, improvement 
of the plastic encapsulation material has lowered the 
failures in a high-temperature and high-humidity 
environment. 

Figure 2. Failure Distribution of MOS Integrated 
Circuits 
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Accelerated Reliability Testing 

As an example, assume that an electronic system 
contains 1000 integrated circuits and can tolerate 1 
percent system failures per month. The failure rate per 
component is: 



0.01 Failures 
720K Device Hours 



13.888 x 10-9 Failures/Hour 
or 13.8888 FITs 



where FIT = Failure units per 10 9 device hours 

To demonstrate this failure rate, note that 13.8888 FITs 
corresponds to one failure in about 7000 devices 
during an operating test of 10,000 hours. It is quickly 
apparent that a test condition is required to accelerate 
the time-to-failure in a predictable and understandable 
way. The implicit requirement for the accelerated 
stress test is that the relationship between the ac- 
celerated stress testing condition and the condition of 
actual use be known. 

A most common time-to-failure relationship involves 
the effect of temperature, which accelerates many 
physiochemical reactions leading to device failure. 
Other environmental conditions are voltage, current, 
humidity, vibration, or some combination of these. 
Table 1 lists the reliability assurance tests performed at 
NEC for integrated circuits. 

Table 1. Monthly NEC Reliability Tests 



Test 


MIL-STD-883 
Method 


Test Conditions 


Life Test 

High-temperature, 
operating 


1005A, D 


T A = 100to125°C 
for 1000 hours 


High-temperature, 
storage 


1008C 


T A = 150°C for 1000 hours 


High-temperature, 
high-humidity test 


— 


T A = 85°Cat85%RH 
for 1000 hours 


Pressure cooker test 


— 


T A = 125°Cat2.3atm 
for 168 hours 


Environmental Test 

Soldering heat test 


2031 
(MIL-STD-750) 


T = 260°Cfor10s 
without flux 


Temperature cycle 


1010C 


T = -65 to +150 °C for 
10 cycles 


Thermal shock 


1011 A 


T = 0to100°Cfor 
15 cycles 


Lead fatigue 


2004B2 


at 250 gm: 3 leads, 3 bends 


Solderability 


2003 


T = 230°C for 5 s with flux 



Temperature Effect. The effect of temperature that 
concerns us is that which responds to the Arrhenius 
relationship. This relates the reaction rate to tem- 
perature. 

R = R exp(-E a /kT) 

where R = Constant 

E a = Activation energy in eV 
k = Boltzmann's constant 

= 8.617 x 10-5 eV/K 
T = Absolute temperature in kelvin (K) 

The significance of this relationship is that the failure 
mechanisms of semiconductor devices are directly 
applicable to it. A linear relationship between failure 
mechanism and time is assumed. 

Activation Energy. Associated with each failure mech- 
anism is an activation energy value. Table 2 lists some 
of the more common failure mechanisms and the 
associated activation energy of each. 

Table 2. Activation Energy and Detection of Failure 
Mechanisms 



m 



Failure Mechanism 



Activation 
Energy 



Detection 



Oxide defect 


0.3 eV 


Silicon defect 


0.3 eV 


Ionic contamination 


1.0-1.35 eV 


Electromigration 


0.4-0.8 eV 


Charge injection 


1.3 eV 



High-temperature operating 
life test 



Gold-aluminum 
interface 



0.8 eV 



Metal corrosion 



0.7 eV 



High-humidity operating 
life test 



High-Temperature Operating Life Test. This test is 
used to accelerate failure mechanisms by operating 
the devices at an elevated temperature of 125 °C. The 
data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 

High-Temperature and High-Humidity Test. Semi- 
conductor integrated circuits are highly sensitive to 
the general accelerating effect of humidity in causing 
electrolytic corrosion between biased lines. The high- 
temperature and high-humidity test is performed to 
detect failure mechanisms that are accelerated by 
these conditions. This test is effective in accelerating 
leakage-related failures and drifts in device parameters 
due to process instability. 
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High-Temperature Storage Test. Another common test 
is the high-temperature storage test in which devices 
are subjected to elevated temperatures with no applied 
bias. This test is used to detect mechanical problems 
and process instability. 

Environmental Test. Other environmental tests are 
performed to detect problems related to the package, 
material, susceptibility to extremes in environment, 
and problems related to usage of the devices. 

Failure Rate Calculation and Prediction 

Analysis of integrated circuit failure rates can serve 
many useful purposes. For example, the early-life 
failure rate helps establish a warranty period, while the 
mature-life failure rate aids in estimating repair costs, 
spare parts stock requirements, or product downtime. 
Accurate prediction of failure rates can also be used for 
process control. 

The following sections describe the failure rate cal- 
culation and prediction methods used by NEC's 
Integrated Circuit Division. 

The Arrhenius Model 

Most integrated circuit failure mechanisms depend to 
some degree on temperature. This relationship can be 
represented by the Arrhenius model, which includes 
the effects of temperature and activation energy of the 
failure mechanisms. 

As applied to accelerated life testing of integrated 
circuits, the Arrhenius model assumes that degradation 
of a performance parameter is linear with time. Tem- 
perature dependence is taken to be the exponential 
function that defines the probability of occurrence. 
The relationship of failure rate to temperature is 
expressed as: 

Fi = F 2 exp[(E a /k)x(1/T 1 -1/T 2 )] 

Where: F 2 = Failure rate at T 2 
F-i = Failure rate at Ti 
E a = Activation energy in eV 
k = Boltzmann's constant 
T = Operating junction temperature in 
kelvin (K) 

The equation explains the thermal dependence of 
integrated circuit failure rates and is used for derating 
the resulting failure rate to a more realistic temperature. 



Acceleration Factor 

The acceleration factor is the factor by which the 
failure rate can be accelerated by increased tem- 
perature. This factor is derived from the Arrhenius 
failure rate expression, resulting in the following form. 

A = F!/F 2 = exp[(E a /k) x (1/Ti - 1/T 2 )] 

where A = Acceleration factor 
F 2 = Failure rate at T 2 
F-| = Failure rate at T-| 

In calculating the field reliability of an integrated 
circuit, it is necessary to calculate the junction tem- 
perature. In general, the junction temperature will 
depend on the ambient temperature, cooling, package 
type, operating cycle time, and power dissipation of 
the circuit itself. In these terms, the junction tem- 
perature (Tj) is expressed as: 

Tj = T A + P d A f JA 

where Tj = Junction temperature 
Ta = Ambient temperature 
Pd = Power dissipation 
Af = Air flow factor 
#ja = Package thermal resistance 

Table 3 lists derating factors of various failure mecha- 
nisms. This table is generated assuming that an ac- 
celerated test is performed at a junction temperature of 
125°C. The result is then derated to 55°C junction 
temperature. The acceleration factor may then be 
obtained by taking the inverse of the derating factor. 

Table 3. Derating Factors of Failure Mechanisms 



Failure Mechanisms 


Activation 
Energy, eV 


Derating Factor 


Oxide defect 


0.3 


0.1546 


Silicon defect 


0.3 


0.1546 


Ionic contamination 


1.0 


0.001984 


Electromigration 


0.4 


0.08307 


Charge injection 


1.3 


0.0003067 


Metal corrosion 


0.7 


0.01315 


Gold-aluminum interface 


0.8 


0.006886 



The acceleration of failure mechanisms in a high- 
humidity and high-temperature environment must be 
expressed as a function not only of temperature but 
also of humidity. 
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According to the reliability test statistics, the ac- 
celeration factor in such an environment can best be 
approximated with Peck's model as follows. 

A = exp[(E a /k) x (1/T! - 1/T 2 )] x (H 2 /H 1 )45 

where E a = Activation energy 

k = Boltzmann's constant 

T = Junction temperature 

H = Relative humidity 

For example, the acceleration factor for high-humidity 
and high-temperature or pressure cooker tests ranges 
from 100 to 1000 times that of the normal operating 
environment. 

Failure Rate Calculation 

As an example, suppose that product samples are 
submitted to a 1000-hour life test at 125 °C junction 
temperature and two failures are encountered: one 
oxide and one metalization defect. The sample size is 
885 units. 

Thus, the oxide failure rate is 0.11 percent per 1000 
hours and the metalization failure rate is 0.11 percent 
per 1000 hours. Therefore, the total failure rate at 
125 °C sums to 0.22 percent per 1000 hours at 1 K hours. 

Failure Rate Prediction 

To derate these failure rates to a normal operating 
environment, use the derating factors listed in table 3. 

Oxide failures = 0.11 x 0.1546 = 0.01701% per 1 K hrs 
Metal failures = 0.11 x 0.01315 = 0.00145% 

per 1K hrs 
Total failures = 0.01846% per 1 K hrs 

Note that the example above is a snapshot of the high- 
temperature life test performed on a particular lot. It is 
not accumulated data that can be used to represent 
overall reliability. This conservative illustration, how- 
ever, shows that the failure rate in a normal operating 
environment is approximately one-twelfth the failure 
rate in a higher-temperature environment. 

The failure rate prediction takes different activation 
energies into account whenever the causes of failures 
are known through performing failure analysis. In 
some cases, however, an activation energy is assumed 
in order to accomplish a quick first-order approxi- 
mation. To yield a conservative estimate of failure rates, 
NEC assumes an average activation energy of 0.7 eV 
whenever the exact failure mechanism is not known. 



Reliability Test Results 

Before introducing new technologies or products, 
NEC's internal reliability goals must be attained. Several 
categories of testing are used in the internal qual- 
ification program to assure that product reliability 
meets NEC's reliability goals. Once the product is 
qualified, its reliability level is regularly monitored in a 
monthly reliability test. 

NEC's Goals on Failure Rates 

NEC's approach to achieving high reliability is to build 
quality into the product, as opposed to merely screen- 
ing out defective units. The use of distributed control 
methods embedded in the production line, in con- 
junction with conventional screening methods, results 
in the highest reliability at the lowest cost. 

NEC's maximum failure rate goals for infant mortality 
and long-term device operation are listed in table 4. 



E 



Table 4. Infant Mortality and Long- 


•Term Failure Rates 


Type 


Failure Rate 
Percent/1000 Hours 


Infant mortality 


0.10 max 


Long-term 
1.2M device hours average 
3.0M device hours average 


0.02 max 
0.01 max 



Infant Mortality Failure Rate 

The infant mortality goal for each product group is set 
at 0.10 percent maximum. When a failure rate exceeds 
this level, there is prompt remedial action. 

Long-Term Failure Rate 

The long-term failure rate goal is based on the 
following conditions: 

• A minimum of 1.2 million device hours at 125°C is 
accumulated to resolve 0.02 percent per 1000 hours 
at 55°C with a 60-percent confidence level. 

• A minimum of 3 million device hours at 125°C is 
accumulated to resolve 0.01 percent per 1000 hours 
at 55 °C with a 60-percent confidence level. 
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Infant Mortality Failure Screening 

It is logical to assume the integrated circuit that fails at 
one temperature would also fail at another temperature, 
except it would fail sooner at a higher temperature. As 
can be expected, the failure rate is a function of 
activation energy. Establishing infant mortality screen- 
ing, therefore, requires knowledge of the likely failure 
mechanisms and their associated activation energy. 

The most likely mechanisms associated with infant 
mortality failures are generally manufacturing defects 
and process anomalies. These generally consist of 
contamination, cracked chips, wire bond shorts, or bad 
wire bonds. Since these describe a number of possible 
mechanisms, any one of which might predominate at a 
given time, the activation energy for infant mortality 
might be expected to vary considerably. 

The effectiveness of a screening condition, preferably 
at some stress level in order to shorten the time, varies 
greatly with the failure mechanism being screened for. 
Another factor is the economics of the screening 
process introduced into the production line. Optimal 
conditions and duration of a screening process will be 
a compromise of these two factors. 

For example, failures due to ionic contamination have 
an activation energy of approximately 1.0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 90 days of 
operation at a junction temperature of 55 °C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV, and a 15- 
hour stress at 125°C junction temperature would be 
the equivalent of approximately one week's operation 
at 55°C junction temperature. As indicated by this, the 
condition and duration of infant mortality screening 
would be a strong function of the allowable component 
failures, hence the system failure, in the field. 

Empirical data, gathered over more than a year at NEC, 
indicates that early failure does occur after less than 4 
hours of stress at 125 °C ambient temperature. This 
fact is supported by the life test of the same lot, where 
the failure rate shows random distribution, as opposed 
to a decreasing failure rate that then runs into the 
random failure region. 

NEC has adopted the initial infant mortality burn-in at 
125 °C as a standard production screening procedure. 
As a result, the field reliability of NEC devices is an 
order of magnitude higher than the goals set for NEC's 
integrated circuit products. 



Life Tests 

The most significant difference between NEC's prod- 
ucts and those of other integrated circuit manufacturers 
is that NEC's have been prescreened for their infant 
mortality defects. The products delivered to customers 
are operating at the beginning of the random failure 
region of the life curve. The life test data also reflects 
this fact, as will be shown. 

The failure mechanism distribution from field failures, 
as previously shown in figure 2, also contains a very 
low percentage due to infant mortality. The majority of 
failures are long-term life failures, and these can be 
eliminated by stringent process control. Usually, these 
failure mechanisms have low activation energy associ- 
ated with them. 

Another significant improvement devised by NEC is 
plastic encapsulation and passivation. As a result, NEC 
products show excellent reliability in both high- 
humidity and high-temperatureenvironments. Follow- 
ing is life test data accumulated over more than a year 
for large-scale integrated circuits. 

High-Temperature Operating Life Test 

This test is used to accelerate failure mechanisms by 
operating the devices at an elevated temperature. For 
large-scale integrated circuits, the failure rate is 0.242 
percent per 1000 hours at 125°C. This is equivalent to 
0.0071 percent per 1000 hours in an operating en- 
vironment of 55 °C (table 5). 

Table 5. High-Temperature Operating Life Test 



Number of 




Number of Failures at 




Samples 


48 hrs 96 hrs 168 hrs 500 hrs IK hrs 


3317 





1 4 


3 


Total number of failures at 1K hrs 
Failure rate at 1K hrs at 125°C 
Projected failure rate at 1K hrs at 55 °C 


= 8 

= 0.242% per 1K hrs 

= 0.007% per 1K hrs 





High-Temperature and High-Humidity Life Test 

This test is used to accelerate failure mechanisms by 
operating the devices at high temperature and high 
humidity. Leakage-related failures and device para- 
meter drift are accelerated by this test. For these 
large-scale integrated circuits, the failure rate is 0.091 
percent per 1000 hours. This is equivalent to 0.0027 
percent per 1000 hours in an operating environment of 
55 °C. The test conditions are T A = 85 °C and relative 
humidity (RH) = 80% (table 6). 
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Table 6. 



High-Temperature and High-Humidity Life 
Test 



Number of 




Number of Failures at 




Samples 


48 hrs 96 hrs 168 hrs 500 hrs IK hrs 


2190 








2 


Total number of failures at 1K hrs 
Failure rate at 1K hrs at 85°C/80% RH 
Projected failure rate at 1K hrs at 
55°C/60% RH 


= 2 

= 0.091% per 1K hrs 

= 0.003% per 1K hrs 





High-Temperature Storage Life Test 

This test is effective in accelerating the failure 
mechanisms related to mechanical reliability problems 
and process instability. For these LSI devices, the 
failure rate is 0.207 percent per 1000 hours at 125 °C. 
This is equivalent to 0.0061 percent per 1000 hours in 
an operating environment of 55 °C (table 7). 

Table 7. High-Temperature Storage Life Test 



Number of 




Number of Failures at 




Samples 


48 hrs 96 hrs 168 hrs 500 hrs IK hrs 


2410 





1 


4 


Total number of failures at 1K hrs 
Failure rate at 1K hrs at 125 °C 
Projected failure rate at 1K hrs 
at55°C 




= 5 

= 0.207% per 1K hrs 

= 0.006% per 1K hrs 





Pressure Cooker Test 

This test is effective in accelerating failure mechan- 
isms related to metalization corrosion due to moisture. 
The failure rate is 0.52 percent per 1000 hours at Ta = 
125 °C and 2.3 atm at 100 percent humidity. This is 
equivalent to 0.0013 percent per 1000 hours at 55°C 
and an environment of 60 percent humidity (table 8). 

Table 8. Pressure Cooker Test 



Number of 
Samples 



Number of Failures at 



48 hrs 96 hrs 168 hrs 500 hrs 1 K hrs 



1718 







No test performed 



Total number of failures at 168 hrs 
Failure rate at 125°C 
Projected failure rate at 55°C 



= 0.54% per 1K hrs 
= 0.001% per 1K hrs 



Life Test Data Summary 

Table 9 summarizes the life test results and projected 
failure rates in the normal operating environment. The 
failure rate shows random distribution as opposed to a 
decreasing failure rate. This is a result of infant 
mortality screening. 



Table 9. Life Test Data 





Number of 
Samples 




Number of Failures at 


Total 
Number of 


Test Time 


96 hrs 168 hrs 500 hrs IK hrs 


Failures 


High-temperature 
life test 


3317 





1 


4 3 


8 


High-humidity 
life test 


2190 








2 


2 


High-temperature 
storage life test 


2410 








1 4 


5 


Pressure 
cooker test 


1718 


4 


5 


No test 
performed 


9 


Total 


9635 


4 


6 


5 9 


24 



The projected failure rate in the normal operating 
environment is calculated assuming that the average 
activation energy is 0.7 eV. 

Figure 3 shows the life distribution of NEC integrated 
circuits as a form of the bathtub curve. 

This life test data shows improvements of approxi- 
mately an order of magnitude better than NEC's goal. 
The hours of operation are equivalent to the normal 
operating environment. Wear-out failures, which had 
been the main target for reliability improvement, have 
also been significantly reduced. This result comes 
mainly from process improvements and stringent manu- 
facturing process control. 

NEC's main goal has been to improve reliability with 
respect to infant mortality and long-term life failures. 
This can be achieved by introducing an effective 
screening method for infant mortality and building 
quality into the product. 

Figure 3. Plot of Life Test Results 



m 



Infant Mortality Failure Rate Goal 
0.10 percent per 1000 hours maximum 



Long-Term Life Failure Rate Goal 
0.02 percent per 1000 hours maximum 



1 1 1 1 1 1 1 1 1 — r~ 

0.5K 1K 2K 3K 4K 5K 10K 20K 30K 40K 
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Thermal Stress Tests 

Temperature cycling and thermal shock test the thermal 
compatibility of material and metal used to make 
integrated circuits. Table 10 lists the reliability test 
results of thermal stress tests. 



Table 10. Thermal Stress Tests 




Number of 
Test Item Samples 


Number of 
Failures 


Soldering heat test 1891 
Ta = 260 °C for 10 seconds 





Temperature cycle 1891 
T A = -65 to +150 °C, 10 cycles 





Thermal shock test 1891 
T A = to +100°C, 15 cycles 






Mechanical Stress Tests 

In addition to the device life test, NEC performs 
mechanical stress tests to detect reliability problems 
related to the package, material, and device suscept- 
ibility to an extreme environment. Table 11 lists 
mechanical stress test results. 



Table 11. Mechanical Stress Tests 




Test Item 


Number of 
Samples 


Number of 
Failures 


Mechanical shock test 
at 15 kg, 3 axis 


315 





Vibration test 
at 100 Hz to 2 kHz, 20 g 


315 





Constant acceleration 
at 20 kg, 3 axis 


315 





Lead fatigue test 
at 240 grams 


538 





Solderability test 
at 230°C for 5 seconds 


638 






Built-in Quality and Reliability 

As large-scale integration reaches even higher levels 
of density, simple quality inspections cannot assure 
adequate levels of product quality and reliability. In 
order to ensure the reliability of state-of-the-art VLSI, 
NEC has adopted another approach. Highest reliability 
and superior quality of a device can only be achieved 
by building these characteristics into the product at 
each process step. NEC, therefore, has introduced the 
notion of total quality control (TQC) into its entire 
semiconductor production line. Quality control is dis- 
tributed into each process step and then summed to 
form a consolidated system. 



Approaches to Total Quality Control 

First, the quality control function is embedded into 
each process. This method enables early detection of 
possible causes of failure and immediate feedback. 

Second, the reliability and quality assurance policy is 
an integral part of the entire organization. This enables 
a companywide quality control activity. At NEC, every- 
one in the company is involved with the concept and 
methodology of total quality control. 

Third, there is an ongoing research and development 
effort to set even higher standards of device quality and 
reliability. 

Fourth, extensive failure analysis is performed period- 
ically and corrective actions are taken as preventive 
measures. Process control is based on statistical data 
gathered from this analysis. 

The goal is to maintain the superior product quality 
and reliability that has become synonymous with the 
NEC name. The new standard is continuously upgraded 
and the iterative process continues. 

Implementation of Distributed Quality Control 

Building quality into a product requires early detection 
of possible causes of failure at each process step. 
Then, immediate feedback to remove the causes is a 
must. A fixed station quality inspection is often lacking 
in immediate feedback. It is, therefore, necessary to 
distribute quality control functions to each process 
step, including the conceptual stage. NEC has imple- 
mented a distributed quality control function at each 
step of the process. Following is a breakdown of the 
significant steps: 

• Product development phase 

• Wafer processing 

• Chip mounting and packaging 

• Electrical testing and thermal aging 

• Incoming material inspection 

Product Development Phase. The product development 
phase includes conception of a product, review of the 
device proposal, organization and physical element 
design, engineering evaluation, and finally, transfer of 
the product to manufacturing. Quality and reliability 
are considered at every step. More significantly, at the 
design review stage and prior to product transfer, the 
quality and reliability requirements have to be examined 
and determined to be satisfactory. This often adds 2 to 
3 months to the product development cycle. Building 
in high reliability, however, cannot be sacrificed. 
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Wafer Processing Stage Inspection. The in-process 
quality inspections that occur at the wafer fabrication 
stage are listed in table 12. 

Table 12. Wafer Processing Inspection 



Process 


Inspection Item 


Wafer 


Resistivity, dimension, and appearance, 
(lot sampling inspection) 


Mask 


Photolithography 


Alignment and etching (100% inspection) 


Cleaning 


Diffusion and oxidation 


Oxide thickness, sheet resistivity (lot 
sampling inspection) 


Metalization and passivation Thickness, Vth, C-V characteristics (lot 
sampling) 


Wafer sort and scribe 


Dc parameters (100% inspection) 


Die sort 


100% visual inspection 



Chip Mounting and Packaging. The in-process quality 
inspections done at the chip mounting and packaging 
stage are listed in table 13. 

Table 13. Chip Mounting and Packaging Inspection 



Process 


Inspection Item 


Die 


Incoming material Inspection 


Die attach 


Appearance (lot sampling inspection) 


Wire bonding 


Bond strength, appearance (lot sampling) 


Packaging 


100% appearance inspection 


Fine leak* 


Lot sampling 


Gross leak* 


100% inspection 



*For ceramic package devices only. 

Electrical Testing and Screening. Electrical testing and 
infant mortality screening are performed at this stage. 
A flowchart of the process is depicted in figure 4. 

At the first electrical test, dc parameters are tested 
according to the electrical specifications on 100% of 
each lot. This is a prescreening prior to the infant 
mortality test. At the second electrical test, ac function- 
al tests as well as dc parameter tests are performed on 
100% of the subjected lot. If the percentage of defective 
units exceeds the limit, the lot is subjected to an 
additional burn-in. During this time, the defective units 
are undergoing a failure analysis, the results of which 
are then fed back into the process for corrective action. 



Figure 4. Electrical Testing and Screening 









DC Parameters 

DC Parameters, 
AC Functional 

Electrical, 
Appearance, and 
Dimensions 

83-003942A 




1st Electrical Test 














. 




100 Percent Lot Burn-In 
T A = 125°C 




" 




2nd Electrical Test 




No /Pass\ 






"\ Limit? / 
Yes 




Warehouse 
Finished Goods Stored 




" 




Reliability Assurance 
Test [RAT] Sampling 












Incoming Material Inspection. Prior to warehouse 
storage, lots are subjected to an incoming inspection 
according to the following sampling plan. 



• Electrical test: 



Dc parameters 
Functional test 



LTPD 
LTPD 

LTPD 



3% 
3% 

3% 



• Appearance 

Reliability Assurance Test 

Samples are continually taken from the warehouse and 
subjected to monthly reliability tests as discussed 
previously. They are taken from similar process groups 
so that it can be assumed that any device is rep- 
resentative of the reliability of the group. 
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In-Process Screening 

Perhaps the most significant preventive measure that 
NEC has implemented is the introduction of 100% 
burn-in as an integral part of the standard production 
process. Most of the potential infant failures are ef- 
fectively screened from every lot, thereby improving 
reliability. Assuming average activation energy of 0.7 
eV, burn-in atT A = 125 °C for 4 hours is equivalent to a 
week's operation in a normal operating environment. 
This appears to be ample time for accelerating the 
time-to-failure mechanisms for early failures. 

Process automation, as previously mentioned, has also 
contributed a great deal toward improving reliability. 
Since its introduction, assembly related failure mech- 
anisms have been substantially reduced. And, in 
combination with in-process screening and materials 
improvement, it has helped establish quality and 
reliability above NEC's initial goals. 



Summary and Conclusion 

As has been discussed, building quality and reliability 
into products is the most efficient way to ensure 
product reliability. NEC's approach of distributing 
quality control functions to process steps, then forming 
a consolidated quality control system, has produced 
superior quality and excellent reliability. 

Prescreening, introduced as an integral part of large- 
scale integrated circuit protection, has been a major 
factor in improving reliability. The most recent year's 
production clearly demonstrates continuation of NEC's 
high reliability and the effectiveness of this method. 

Reliability assurance tests (RATs), performed monthly, 
have ensured high outgoing quality levels. The com- 
bination of building quality into products, effective 
prescreening of potential failures, and the reliability 
assurance test has established a singularly high stan- 
dard of quality and reliability for NEC's large-scale 
integrated circuits. 

With a companywide quality control program, NEC is 
committed to building superior quality and highest 
reliability into all its products. Through continuous 
research and development activities, extensive failure 
analysis, and process improvements, a higher standard 
of quality and reliability will continuously be set and 
maintained. 
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Section 3 — 4-Bit, Single-Chip Microcomputers 

//PD7500 Series CMOS Microcomputers 3-3 

;uPD7500H/H-E CMOS Microcomputers for ,uPD7500-Series Evaluation 3-31 

//PD7501 CMOS Microcomputer with LCD Controller/Driver 3-45 

//PD7502/03 CMOS Microcomputers with LCD Controller/Driver 3-59 

//PD7506 CMOS Microcomputer 3-75 

//PD7507/08 CMOS Microcomputers 3-89 

//PD7507H/08H CMOS Microcomputers 3-109 

//PD7507S CMOS Microcomputer 3-123 

//PD7508A CMOS Microcomputer with FIP® Driver 3-141 

//PD7514 CMOS Microcomputer with LCD Controller/Driver 3-155 

//PD7516H CMOS Microcomputer with FIP® Controller/Driver 3-175 

//PD7519/19H CMOS Microcomputers with FIP® Controller/Driver 3-199 

//PD7527A/28A CMOS Microcomputers with FIP® Driver 3-229 

/YPD7533 CMOS Microcomputer with A/D Converter 3-243 

//PD7537A/38A CMOS Microcomputers with FIP® Driver 3-263 

//PD7554/64 CMOS Microcomputers with Serial I/O 3-277 

yuPD7556/66 CMOS Microcomputers with Comparator 3-295 

//PD75104/106/108 CMOS Microcomputers 3-313 

//PD75P108 CMOS Microcomputer with On-Chip EPROM 3-325 

FIP is the registered trademark for NEC's fluorescent indicator panel (vacuum fluorescent display). 
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//PD7500 SERIES 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The//PD7500 series of 4-bit, single-chip CMOS micro- 
computers is a broad product line of devices designed 
for a variety of applications; for example, electronic 
games, home electronic products such as the VCR, 
and electronic automotive devices. To this end, more 
than 25 products based on the //PD7500 evaluation 
chip have been designed with various combinations of 
memory size, number of I/O ports, output drive cap- 
ability, type of display driver/ controller (LCD or FIP®), 
oscillators, package type (DIP, shrink DIP for ease of 
handling, flat for high-density installations, QUIP), and 
more. Because the //PD7500 series products have 
hardware and software in common, systems are easily 
upgraded. 

The//PD7500 series uses a low-power CMOS design. 
As an example, the current consumption of the 
//PD7508C operating at 5 V is typically 300//A (at 10/us, 
200 kHz). In standby mode at 3 V, current consumption 
is reduced to 0.3 yuA (typ). This feature is most suitable 
for systems requiring battery backup or for battery- 
powered devices that must operate for long periods. 

The wide operating voltage range of the series allows 
systems to be configured with normal operation at 
5 V ±10% and battery backup operation at 3 V. In 
particular, the//PD7507S can run at 2.2 V, and systems 
using this device need only a single lithium battery, 
thus reducing the overall system cost 

Although the normal operating temperature range is 
-10 to +70°C, products in the //PD7500 series can 
operate from -40 to +85°C and -40 to +110°C in 
accordance with the user's request. This is useful in 
automotive and outdoor applications. 

Table 1 lists the//PD7500 series products and features, 
and figure 1 shows the different development directions 
of the series. Within each of these directions, the 
memory sizes have been serialized. For example, in the 
product group with built-in LCD controllers, the 
i uPD7501 has a 1K-byte ROM, the //PD7502 has a 
2K-byte ROM, and the /uPD7503 has a 4K-byte ROM. 
(Note also that the //PD7502 and /UPD7503 are pin 
compatible; software developed on the //PD7502 can 
be used without modification on theyuPD7503. Except 
LAMT instruction for //PD7502 only and LAMTL in- 
struction for//PD7503 only.) 



The many kinds of peripheral hardware (such as 
display controllers/drivers) that are built into the 
members of the series can significantly reduce the cost 
of a system. One common hardware feature is an 8-bit 
timer, which easily provides a clock function. With the 
exception of the //PD7506/7556/7566, all products of 
the series incorporate an 8-bit serial I/O, so that 
developing multiprocessor systems or connecting per- 
ipheral devices is easier. The //PD7533 offers a 4- 
channel, 8-bit A/D converter. 

Piggyback products, such as the /uPD75CG08, are 
available and can be used as a final check of functions 
during system development, preproduction, and small 
volume production. 

The same support tools can be used for the entire 
series, thus helping to reduce system development 
cost. 

Table 2 lists the package types applicable to each chip 
in the yuPD7500 series. 

FIP is the registered trademark for NEC's fluorescent indicator panel 
(vacuum fluorescent display). 
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Table 1. 


fjPD7500 Series Product List 












Product I//PD] 


I Features 


Clock Osc 


ROM |x8) 


RAM (x4) 


1/0 


Power Supply 


7500H 


EVACHIP, high speed (2.86 /us) 


RC 


8K (External) 


256 


46 


5 V ±10% 


7500H-E 


EVACHIP 


RC 


8K (External) 


256 


46 


5 V ±10% 


7501 


LCD controller/driver, 24-segment 


RC 


1K 


96 


24 


2.5 to 6.0 V 


7502 


LCD controller/driver, 24-segment 


RC 


2K 


128 


23 


2.5 to 6.0 V 


7503 


LCD controller/driver, 24-segment 


RC 


4K 


224 


23 


2.5 to 6.0 V 


7514 


LCD controller/driver, 32-segment 


RC 


4K 


256 


31 


2.7 to 6.0 V 


7507S 


General purpose, low voltage 


RC 


2K 


128 


20 


2.2 to 6.0 V 


7507 


General purpose 


RC 


2K 


128 


32 


2.5 to 6.0 V 


7508 


General purpose 


RC 


4K 


224 


32 


2.5 to 6.0 V 


7507H 


General purpose, high speed (2.86 //s) 


Xtal/Cer 


2K 


128 


32 


2.7 to 6.0 V 


7508H 


General purpose, high speed (2.86 //s) 


Xtal/Cer 


4K 


224 


32 


2.7 to 6.0 V 


7506 


General purpose 


R 


1K 


64 


22 


2.5 to 6.0 V 


7554 


LED direct drive, mask option ports, serial I/O 


R 


1K 


64 


16 


2.5 to 6.0 V 


7564 


LED direct drive, mask option ports, serial I/O 


Ceramic 


1K 


64 


15 


2.5 to 6.0 V 


7556 


LED direct drive, mask option ports, 
4-channel comparator 


R 


1K 


64 


20 


2.5 to 6.0 V 


7566 


LED direct drive, mask option ports, 
4-channel comparator 


Ceramic 


1K 


64 


19 


2.5 to 6.0 V 


7527A 


P-ch, high-voltage output ports for FIP driver; 
high speed (3.3 jus) 


RC 


2K 


128 


35 


2.7 to 6.0 V 


7537A 


P-ch, high-voltage output ports for FIP driver; 
highspeed (3.3 /us) 


Ceramic 


2K 


128 


35 


2.7 to 6.0 V 


7528A 


P-ch, high-voltage output ports for FIP driver; 
high speed (3.3 //s) 


RC 


4K 


160 


35 


2.7 to 6.0 V 


7538A 


P-ch, high-voltage output ports for FIP driver; 
highspeed (3.3 ^/s) 


Ceramic 


4K 


160 


35 


2.7 to 6.0 V 


7508A 


P-ch, high-voltage output ports for FIP driver 


RC 


4K 


208 


32 


2.7 to 5.5 V 


7519 


FIP controller/driver 


Xtal 


4K 


256 


53 


2.5 to 6.0 V 


7519H 


FIP controller/driver; high speed (2.44 /us) 


Xtal 


4K 


256 


53 


2.5 to 6.0 V 


7516H 


FIP controller/driver; high speed (2.44 ys) 


Xtal 


6K 


256 


53 


2.5 to 6.0 V 


7533 


LED driver; 4-channel A/D converter 


Ceramic 


4K 


160 


30 


3.0 to 6.0 V 


75CG08 


Piggyback; for 7507/08 


RC 


4K 


224 


32 


5 V ±10% 


75CG08H 


Piggyback; for 7507H/08H 


Xtal/Cer 


4K 


224 


32 


5 V ±10% 


75CG19 


Piggyback; for 7519 


Xtal 


4K 


256 


53 


5 V ±10% 


75CG19H 


Piggyback; for 7519H 


Xtal 


4K 


256 


53 


5 V ±10% 


75CG16H 


Piggyback; for 7516H 


Xtal 


6K 


256 


53 


5 V ±10% 


75CG28 


Piggyback; for 7527A/28A 


RC 


4K 


160 


35 


5 V ±10% 


75CG38 


Piggyback; for 7537A/38A 


Ceramic 


4K 


160 


35 


5 V ±10% 


75CG33 


Piggyback; for 7533 


Ceramic 


4K 


160 


30 


5V±10% 
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Figure 1. /jPD7500 Series Product Classification 



|7556/7566 



Mini- 
microcomputer 




> 



> 



> 



|7507H 



High Speed 



High Speed 



| 7538A[3.3jjs] 



^ 



| 7537 A [3.3 /js] 
[7528A[3.3/js] 



7527A [3.3 /«] 



1 75CG08H 






75CG08 






[Piggyback] 


|75CG16H 




|75CG19H 






75CG19 




[Piggyback] 


|75CG33 




|75CG38 




- 


75CG28 






Table 2. Applicability of Packages 



Product |/uPDj 


Package 


7500H, 7500H-E 


64 QUIP 


7501 


64 miniflat 


7502, 7503 


64 miniflat 


7506 


28 DIP or SDIP; 52 miniflat 


7507, 7508 


40 DIP or SDIP; 52 miniflat 


75CG08 


40 ceramic piggyback DIP 


7507H, 7508H 


40 DIP or SDIP; 44 miniflat 


75CG08H 


40 ceramic piggyback DIP 


7507S 


28 DIP or SDIP 


7508A 


40 DIP 


7514 


80 miniflat 


7516H 


64 miniflat, QUIP, or SDIP 


75CG16H 


64 ceramic piggyback QUIP 


7519, 7519H 


64 miniflat, QUIP, or SDIP 


75CG19, 75CG19H 


64 ceramic piggyback QUIP 



Product f/iPD) 


Package 


7527A, 7528A 


42 DIP or SDIP 


75CG28 


42 ceramic piggyback DIP 


7533 


42 DIP, SDIP, or 44 miniflat 


75CG33 


42 ceramic piggyback DIP 


7537A, 7538A 


42 DIP or SDIP 


75CG38 


42 ceramic piggyback DIP 


7554, 7564 


20 SDJP or SO package 


7556, 7566 


24 SDIP or SO package 



Note: 

(1) For ordering information, including package codes, refer to the 
applicable data sheet. 

(2) Packages are plastic unless otherwise specified. 
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Applications 

7500 series products with a built-in LCD controller: 
Electronic game 

Automotive device (dashboard display) 
Phone 
VCR (timer) 
Camera 
Calculator 

Electronic musical instrument 
Measuring equipment 
Medical device (blood pressure gauge) 
Water, gas, or electric meter 
Pager 
PPC 
Data terminal 

7500 series general-purpose products: 
VCR 
Phone 
Automobile 
ECR 

Record player 
Transceiver 
PPC 
Cassette 

Block Diagram 



7500 series products with built-in high-voltage outputs: 

• VCR 

• ECR 

• Microwave oven 

• Electronic game 

• Scanner 

• Trip computer 

7500 series products with a built-in LED control- 
ler/driver: 

• Electronic game 

• Deck controller 

• Refrigerator 

• Cooking appliance 

• Washing machine 



Common Processor Portion 






Peripheral 








• Timer/Counter 

• Serial Interface 

• Interrupt Circuit 

• Standby Circuit 

• System Clock Circuit 

• General I/O Port 

• Display Control Driver 


1 " 








SP 












E 


• 


1 ALU 














ROM 




















RAM 














| H | | L 








| . | | - 
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Functional Description 

A //PD7500 series microcomputer consists of the fol- 
lowing: 

• Program counter (PC) 

• Accumulator (A) 

• Program status word (PSW) 

• Arithmetic logic unit (ALU) 

• General-purpose registers (H, L, D, E) 

• Program memory (ROM) 

• Data memory (RAM) 

The peripheral hardware includes the following: 

• Timer/counter 

• Serial interface 

• Interrupt circuit 

• Standby circuit 

• System clock oscillation circuit 

• General-purpose I/O 

• Display controller/driver 



Program Counter [PC] 

The program counter (figure 2) is a binary counterthat 
generates a 1 2-bit address. The bit length of the PC will 
vary depending on the ROM size for the particular 
device. The//PD7516H and//PD7500H/H-E, which con- 
tain more than 4K-bytes of memory, access upper 
memory by setting bit 1 of the program status word 
(BNKflag)tol. 

Figure 2. Program Counter Structure 
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49-001 253A 



When an instruction executes, the PC increments by 
the number of bytes in the instruction. 

When a jump instruction (JMP, JCP, JAM) executes, 
either immediate data or the contents of the ac- 
cumulator and data memory, which show a jump 
destination, are loaded into some or all bits of the PC. 

While a call instruction is executing (CALL, CALT) or 
at an interrupt occurrence, the contents of the PC (the 
return address already incremented to designate the 
next instruction) are stored in stack memory. A proper 
address is then loaded into the PC. 

While a return instruction is executing (RT, RTS, 
RTPSW), the contents of stack memory are loaded into 
the PC. 

The RESET instruction clears the PC to 0. 
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Stack Pointer [SP] 

The stack area for the //PD7500 series resides in data 
memory. The stack depth can be as large as the 
maximum size of RAM, since the stack pointer is user 
programmable. 

The stack pointer is an 8-bit register (SP7-SP0) that 
stores the stack's top address for the area in data 
memory used as an LIFO stack. The SP decrements 
when a call (CALL, CALT) or push (PSHDE, PSHHL) 
instruction executes and at an interrupt generation. It 
increments when a return (RT, RTS, RTPSW) or pop 
(POPDE, POPHL) instruction executes. 

To determine the stack area, the SP must be initialized 
by the TAMSP instruction. However, when TAMSP 
executes, (zero) is unconditionally loaded into SPo- 
Because the SP decrements before a stack instruction 
executes, the top of the stack will always begin at an 
odd memory location. Thus the initial value of the SP 
should be set to the top of the stack (odd) plus one (set 
to an even value). To set the most significant address of 
the stack area to FFH, the initial value of the SP should 
be 00H. 

Although TSPAM may read the SP at any time, it 
cannot read the contents of SPo; is unconditionally 
stored in bit of data memory. See figure 2 and table 3. 



Figure 3. 



Data Movement at Execution of TAMSP 
and TSPAM 
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Table 3. 


Stack Memory Push/Pop Operation 








Process 
Order 


CALL, CALT 
Interrupt 


RT, RTS 


RTPSW 


PSHDE, 
PSHHL 


POPDE, 
POPHL 


1 


(SP - 1) — PCM 


PCH — (SP) 


PCH — (SP) 


(SP-1)«-D/H 


E/L — (SP) 


2 


(SP - 2) — PCL 


PCL — (SP + 2) 


PSW — (SP + 1) 


(SP-2) — E/L 


D/H — (SP + 1) 


3 


(SP - 3) — PSW 


PCM — (SP + 3) 


PCL — (SP + 2) 


SP — SP-2 


SP — SP + 2 


4 


(SP - 4) — PCH 


SP — SP + 4 


PCM — (SP + 3) 






5 


SP — SP-4 




SP — SP + 4 







Note: 

(1) PCH = PCi r PC 8 
PCM = PC7-PC4 
PCL = PC3-PC0 
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Program Memory [ROM] 

Program memory is a mask-programmable ROM of 
61 44 words x 8 bits (maximum). It stores programs and 
table data, and is addressed by the PC. (See figure 4.) 
ROM address locations are from 000H to 17FFH. 

Specific fixed address locations are allocated to 
RESET and interrupt start addresses and the table 
areas of the LHLT and CALT instructions. Consider- 
ation of these locations in program memory should be 
taken in preparing a program. 



Figure 4 
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General-Purpose Registers 

The four 4-bit general-purpose registers D, E, H, and L 
either operate in units of 4 bits, or can form the 8-bit 
pair registers DE, DL, and HL (D or H is the upper-order 
4 bits, and E or L is the lower-order 4 bits) to be used as 
data pointers. 

When pair register HL operates as a data pointer, it can 
perform automatic increment and decrement for the L 
register only. (See figure 5.) The L register is also used 
to specify I/O ports and mode registers when the I/O 
instruction (OPL, IPL) is executed. 

The //PD750 1/06/27/28/33/37/38/54/64/56/66 do not 
contain DE registers. 

Figure 5. General-Purpose Register Configurations 
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Data Memory [RAM] 

Data memory is a static RAM of 256 words x 4 bits 
(maximum). It is used to store processing data and 
display data. It also operates with the accumulator to 
process data in 8-bit units. 

There are three types of data memory addressing: 

• Direct, performed by the second byte of the 
instruction 

• Register indirect, performed indirectly by the con- 
tents of the pair register designated by an instruction 

• Stack indirect, performed by the contents of the SP 

Locations 00 to 3FH are used for display memory 
devices //PD7516H/19H, so these locations cannot be 
used for stack area. Locations 00 to 17H (1 FH for the 
yuPD7514) are used for display memory devices 
//PD7501/02/03/14, so these locations cannot be used 
for stack area. See figure 6. 

Valid stack area is used during execution of the 
instructions CALL, CALT, RT, RTS, RTPSW, PSHDE, 
PSHHL,POPDE, and POPHL. At the execution of a call 
instruction or an interrupt occurrence, the contents of 
the PC and PSW are stored in the stack area. At the 
execution of a push instruction, the contents of DE or 
HL are stored in the stack. See figure 7. 

Figure 6. Data Memory Map 
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Accumulator [A] 

The accumulator is a 4-bit register that performs 
various arithmetic/logical operations. Operating with 
data memory addressed by pair register HL, data 
processing may be done in 8-bit units (higher-order 
bits in the accumulator and lower-order bits in data 
memory). See figure 8. 

Figure 8. Accumulator Configuration 
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Arithmetic Logic Unit [ALU] 

The ALU is a 4-bit arithmetic logic circuit that performs 
such processes as binary addition, arithmetic/logical 
operation, comparison, and rotation. 

Program Status Word [PSW] 

The 4-bit PSW consists of two skip flags (SK1, SK0) 
and a carry flag (C), as shown in figure 9. 

Figure 9. Structure of Program Status Word 
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The contents of the PSW are automatically stored in 
the stack area at an execution of a call instruction 
(CALL, CALT) or at an interrupt occurrence, and are 
restored by an RTPSW instruction. The BNK flag is 
used in the //PD7500H/H-E and 7516H to access high 
memory. 

At RESET, SK1 and SK0 are cleared to 0, and C is 
undefined. 



Figure 7. Stack Contents After Call, Interrupt, or 
Push 
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Skip Flags [SK1, SKO]. The skip flag is used to hold the 
following skip states: 

• String effect of an LAI instruction 

• String effect of an LHLI or LHLT instruction 

• Skip condition accomplished by instructions other 
than string effect 

The skip flag is automatically set and reset when an 
instruction is executed. 

Carry Flag [C]. This flag can be generated only by the 
addition instruction (ACSC). If a carry is generated 
from bit 3 of the ALU, the carry flag is set to 1 . If a carry 
is not generated, the carry flag is reset to 0. 

The carry flag is set to 1 by the SC instruction and reset 
to by the RC instruction. Its contents are tested by 
the SKC instruction. The carry bit is rotated into the 
high bit of the accumulator by the rotation instruction 
(RAR). 



System Clock Generator 

The system clock (CL) is generated by one of the five 
types of oscillators listed in table 4. The CPU clock (0) 
is derived from CL by frequency division. 



Table 4. 


I/PD7500 Series System Clock (CL) and CPU 




Clock (<f>) 








</>/CL 








Frequency 


Oscillator 


Stop Mode 


Product |/uPD) 


Ratio 


Type 


Released by 


7500H, 7500H-E 1/2 


RC 


Interrupt or RESET 


7501 








7502 








7503 








7514 








7507, 7507S 








7508, 7508A 








7527A 








7528A 








7506 


1/2 


R 


Interrupt or RESET 


7554 








7564 








7556 








7566 








7507H 


1/12 


Crystal/ceramic 


RESET (Note 1) 


7508H 




1.0 to 4.2 MHz 




7519 


1/32 or 1/64 


Crystal 


RESET 


7519H 


1/16 or 1/64 


4.19 to 6.55 MHz 




7516H 


1/16 or 1/64 


(7519 4.19 MHz max) 


7537A 


1/2 


Ceramic 


RESET 


7538A 








7533 









E 



Note: 

(1) RESET pulse width provides time for oscillation stabilization. 
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RC Oscillator 

The system clock generator (figure 10) consists of an 
RC oscillator and a half-frequency divider. The RC 
oscillator is controlled by an external resistor (R) and 
capacitor (C) connected to CL1 and CL2. 

An external clock can be input to the CL1 pin without 
using an RC circuit. Pin CL2 should be left open. In this 
case, the RC oscillator merely operates as an inverting 
buffer. 

The frequency of CL is the RC oscillation frequency of 
the CL1 input clock frequency. The RC oscillator 
output is frequency divided by 2 to become the CPU 
clock (0), which is sent to the CPU and the serial 
interface. 

Using the standby circuit, the RC oscillator and the 
half-frequency divider are stopped in the stop mode, 
thereby stopping the output of CL and <p. In halt mode, 
only the half-frequency divider is stopped, so that 
stops but CL continues to be supplied. 



Notshown in figure 10, the RC oscillator output (CL) is 
sent to a clock control circuit, and then frequency 
divided to become a count pulse (CP) for the timer/ 
event counter. 

If an external clock is used, the CL1 input clock 
becomes CL via an inverting buffer, so the supply of CL 
does not stop even in stop mode. Thus, both stop mode 
and halt mode stop only the half-frequency divider. In 
both modes, only the output of <p is stopped. 



Figure 10. System Clock Generator; RC Oscillator 
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R Oscillator 

In this circuit, the resistor is external and the capacitor 
is internal. See figure 1 1 . 

Figure 11. System Clock Generator; R Oscillator 
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Crystal/Ceramic Oscillator 

This clock generator provides stable high-speed oper- 
ation. The circuit (figure 12) consists mainly of a 
crystal oscillator circuit, several frequency dividers, 
and a control circuit for standby (halt/stop) modes. 

The crystal oscillator operates at the fundamental 
crystal frequency, typically 4.19 MHz. Or, a ceramic 
resonator (typically 4.0 MHz) may be connected 
between the CL1 and CL2 pins. Or, an external clock 
may be input at CL1 , in which case the crystal oscillator 
operates as an inverting buffer. 

Thefrequency divider generates several kinds of clocks 
by dividing the crystal/ceramic oscillation frequency 
(fee) or the external clock frequency (fc), where fee or 
f c = 4.19 MHz, as follows: 

• System clock (CL): f cc /6 or f c /6 (698 kHz) 

• CPU clock (0) and output clock (0out): fcc/12 or 
f c /12(349kHz): 

• Timer/event counter clock: fcc/8 or fc/8 (524 kHz) 

System clock CL is supplied to the timer/event counter, 
the clock synchronizing the gate of the INT1 interrupt 
input, etc. 



The standby mode control circuit is mainly composed 
of a stop flip-flop and a halt flip-flop. See figures 1 2 and 
13. 

The STOP instruction sets the stop flip-flop to the stop 
mode, in which crystal oscillation and all clock supplies 
are stopped. A high input to RESET resets the stop 
flip-flop, and crystal oscillation starts again. When 
RESET goes low, the supply for each clock restarts. 

Figure 13. Stop Mode Timing 
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Figure 12. System Clock Generator; Crystal/Ceramic Oscillator 
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The HALT instruction sets the halt flip-flop to halt 
mode. In this mode, input from the half-frequency 
divider that generates the CPU clock is inhibited and 
the CPU clock is stopped. The halt flip-flop is reset 
either by the RELEASE signal, which becomes active 
when the interrupt request flag is set, or at the falling 
edge of the RESET signal. The supply to the CPU clock 
restarts. 

Crystal Oscillator 

This clock generator (figure 14), applicable to 7516H, 
7519, and 751 9H, consists of a crystal oscillator, a 
frequency divider, and a standby (halt/stop) mode 
control circuit. The crystal (for example, 6.55 MHz is 
4.1 9 MHz) is connected to pins X1 , X2. (The//PD751 9 is 
4.19 MHz only). 

It is also possible to operate with an external clock 
input at X1. In this case, the crystal oscillator acts 
merely as an inverting buffer. 

Figure 14. System Clock Generator; Crystal Oscillator 
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The 1/8 and 1/32 frequency-divided outputs are avail- 
able as system clock sources. If expansion mode 
register bit 2 (EM 2 ) is 1, 1/8 is selected; if it is 0, 1/32 is 
selected. (Note: For /t/PD7519, the divisor is 1/16 
instead of 1/8.) In systems where high-speed proces- 
sing is not required, or in part of a program that does 
not require high-speed processing, power consumption 
can be held to a minimum with the 1/32 frequency- 
divided low-speed clock. It is necessary to use the 
low-speed clock when using a supply voltage that is 
too low to allow operation with a high-speed clock. 

System clock selection via EM2 does not apply to 0fip 
(FIP controller clock) or 0ppg (pulse generator clock). 

The 0fip clock is always 1/32 times the input frequency; 
the 0ppg clock is always half the input frequency. 

The system clock is half-frequency divided to be a CPU 
clock, 0. Also, the system clock becomes an input of 
the clock control circuit, which generates a count 
pulse (CP) of the timer/event counter. 

The standby mode control circuit consists mainly of 
the stop and halt flip-flops. The STOP instruction sets 
the stop flip-flop, which stops crystal oscillation and 
clears the frequency divider circuit. All output from the 
frequency divider circuit stops; the system is in stop 
mode. A RESET input clears the stop flip-flop and 
starts crystal oscillation and the frequency dividing 
operation. 

The HALT instruction sets the halt flip-flop. This 
inhibits the input of the half-frequency divider from 
generating a CPU clock 0, thereby causing the CPU 
clock to be halted (halt mode) . The halt flip-flop is also 
set when the STOP instruction executes and when 
RESET is input, so that the flip-flop performs the same 
operation as that in halt mode. The flip-flop is reset at 
the falling edge of either the RELEASE signal (which 
becomes active when any one interrupt flag is set) or 
the internal reset (IRESET) signal (which is released 
after a certain waiting time following the release of the 
RESET input), thereby starting the supply of 0. See 
figure 15. 

Figure 15. Release of Stop Mode 
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Ceramic Oscillator 

This circuitry (figure 16) consists of a ceramic oscil- 
lator, half-frequency divider, control circuit for standby 
(halt) mode, etc. The oscillator frequency is set by a 
ceramic resonator connected to pins CL1 and CL2. Or, 
an external clock may be input at CL1 . In this case, the 
oscillator operates as an inverting buffer. Output from 
the oscillator is used as the system clock (CL), which is 
divided into a CPU clock <p (1/2 CL). 

The standby mode control circuit consists mainly of 
the halt flip-flop. When this flip-flop is set, input of the 
half-frequency divider is inhibited from generating the 
CPU clock 0, thereby causing the CPU clock to be 
halted (halt mode). This flip-flop is reset either by the 
RELEASE signal, which becomes active when one 
interrupt request flag is set, or by the falling edge of the 
RESET input. The supply of the clock then begins. 

The halt flip-flop is also set when the RESET input is 
active. At power-on reset, RESET goes high and then 
the ceramic oscillator is driven. After a short time, the 
oscillation output becomes stable. So that an unstable 
clock does not cause the CPU to misoperate, the halt 
flip-flop inhibits the CPU clock as long as RESET is 
high level. Thus, the high-level pulse width for the 
RESET input should be wide enough to cover the 
required time for oscillator stabilization. 

Count Clock Generator Circuit 

This crystal oscillator (figure 17) is fed either by the 
crystal connected to pins X1 and X2, or by an external 
clock connected to X1 (in which case it operates as an 
inverting buffer). The output X is sent to the clock 
control circuit, either directly or after being frequency 
divided, in order to become a count pulse (CP) for the 
timer/event counter. The frequency of X is equivalent 
to the crystal oscillation frequency or the X1 external 
clock frequency. This circuit is not affected by standby 
(halt/stop) mode. 

The count clock oscillator generates frequencies 
between 25 and 50 kHz. Figures 18 and 19 illustrate the 
frequency error (ppm) vs. temperature and capaci- 
tance. 
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Figure 16. System Clock Generator; Ceramic Oscillator 
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Figure 17. Count Clock Generator 
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Figure 18. Temperature Dependence of Count Clock 
Frequency 
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I/O Ports 

Input and output buffers (figure 20) are classified as 
types A through I. Table 5 shows the applicability of 
each type to the 7500 series. For example, on the 
//PD7506, port P0 is a type B input buffer and PO3 is a 
type A input buffer; PO1 and PO2 are not used. (Part 
numbers in table 5 are abbreviated; thus, /uPD7506 
becomes "06".) 



Table 5. /jPD7500 Series I/O Buffer Configurations 
(cont) 



Table 5. 


, (JPD7500 Series I/O Buffer Configurations 


Port 


00H/00HE 


06 


02/03 


07/07S/07H/08/08H/ 
01/14/19/19H/16H 


P0 


A 


B 


- 


B 


POl 


F 


- 


F 


F 


P0 2 


E 


- 


E 


E 


PO3 


B 


A 


B 


B 


Port 


01 


02/03 




00H/00HE/06/07/07H/08/ 
08H/14/19/19H/16H 


P1o 


B 


B 




E 


P11 


A 


A 




E 


P1 2 


A 


A 




E 


P13 


A 


A 




E 


Port 








00H/00H E/06/07/07S/07H/ 
08/08H/1 4/1 9/1 9H/1 6H 


P2 -P2 3 








D 


Port 








00H/00HE/01 /02/03/07/07S/ 
07H/08/08H/1 4/1 9/1 9H/1 6H 


P3 -P 3 








D 


Port 








00H/00HE/Q1 /02/03/06/07/ 

07S/07H/08/08H/1 4/1 9/1 9H/1 6H 


P4 -P4 3 








E 


Port 








00H/00HE/01 /02/03/06/07/07S/ 
08/08H/1 4/1 9/1 9H/1 6H 


P5 -P 3 








E 



Port 




00H/00HE/01 /02/03/06/07/07H/ 
08/08H/14/19/19H/16H 


P6 -P6 3 




E 


Port 




00H/00HE/07/07H/08/08H/14 


P7 -P7 3 




E 


Port 00H/00HE 06 


01/02/03/07/07S/07H/ 
08/08H/14/1 9/1 9H/1 6H 


INTO 


B B 


B 


INT1 


B - 


B 


INT2 


B - 


- 


RESET 


B B 


B 


Port 07H/08 


19/19H/16H 


EVENT 


B 


B 


0OUT 


C 


- 


Port 




19/19H/16H 


PP0 
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Port 




01/02/03/14 


C0M -C0M 3 
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S0-S23 
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14 
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Figure 20. Interface at Input/Output Ports 
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System Development 

The/yPD7500H/H-E evaluation chip has all the function- 
ality of the entire //PD7500 series, and must be used 
with the EVAKIT-7500 to emulate the target product. 
During development, pay careful attention to the two 
precautions below to prevent fatal errors in mask ROM 
products. 

Setting the Stack Pointer 

The/uPD7500 series microcomputers are without stack 
registers; a stack pointer specifies the stack area in 
memory. The value of the stack pointer becomes 
undefined when RESET is input, so it is necessary to 
specify an initial value at the start of the program. If a 
value is not specified or specified incorrectly, there is a 
danger the stack pointer could point to a location 
where data memory does not exist. In that case, 
unpredictable operation will result. Since evaluation 
chip //PD7500H/H-E has the largest RAM size in the 
series, there is a possibility it will operate properly even 
though the stack pointer setting is incorrect and the 
error is not detected. For these reasons, take care in 
setting the stack pointer. See table 6. 

Table 6. Setting the Stack Pointer 



Product (/uPD) 


Stack Area 


SP Max Value 


7501 


18H to 5FH 


60H 


7502 


18H to 7FH 


80H 


7503 


18H to DFH 


EOH 


7514 


20H to FFH 


00H 


7506 


00H to 3FH 


40H 


7507/07S/07H 


00H to 7FH 


80H 


7508/08H 


00H to DFH 


EOH 


7508A 


00H to CFH 


DOH 


7527A/37A 


00H to 7FH 


80H 


7528A/38A 


00H to 9FH 


AOH 


7519/19H 


40H to FFH 


00H 


751 6H 


40H to FFH 


00H 


7533 


00H to 9FH 


AOH 


7554/64 


00H to 3FH 


40H 


7556/66 


00H to 3FH 


40H 



instruction Set Selection 

The instructions for the //PD7500 series have been 
divided into set A and set B according to the size of 
the mask ROM product to be implemented. As shown 
in figure 21, set B is adopted for products with a 1K- 
byte ROM and set A is for products with a ROM size of 
2K-bytes or more. The actual instruction sets employed 
in the mask ROM products are subsets of set A and set 
B. 

During system development, make sure the instructions 
being used actually exist in the product for which 
development is being performed. Also, if your program 
includes a jump to an address outside the current bank 
(address above 4K-bytes), either the set A or the set B 
assembler can be used effectively. When making the 
ordering tape for the mask ROM, however, be sure to 
assemble with the dedicated assembler for the product 
and confirm that the program fits in the mask ROM. 



Figure 


21. Instruction Sets A and B vs ROM 


size 
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The Instruction Set 

The instruction set of each product is a subset of the 
/yPD7500 instruction set A or B. In the columns at the 
right side of the instruction set table, "X" identifies the 
members of the seven subsets: A1 through A4 and B1 
through B3. 

Table 7 shows the applicability of subsets to the 7500 
series products. Evaluation chips /yPD7500H/H-E can 
execute all instructions in set A (subset A1) and set B 
(subset B1). The same assembler can be used for all 
products in the series. 

Table 8 gives the meanings of symbols used in the 
Operand column. Operands are defined in detail by the 
assembler specification. 

Symbols in the Operation column of the instruction set 
table are explained in table 9. The table 8 symbols also 
appear in this column. 

Several of the parallel I/O instructions (IPL and IP, OPL 
and OP, ANP and ORP) select a port or register by 
immediate data or by data in the L register. Tables 10, 
1 1 , and 1 2 provide the required data. 

Instructions SPBL and RPBL, respectively, set and 
reset one bit of a port defined by the contents of the L 
register. Table 13 provides the four bits to be loaded 
into the L register, by an LLI instruction for example. 

Machine codes are not included in the instruction set 
table but they are in the User's Manuals. 



Table 7. 


Applicability of Instruction Subsets 


Subset 


Products that Execute the Subset 


A1 


7500H, 7500H-E (Instruction set A) 


A2 


7516H, 7519, 7519H 


A3 


7502, 7503, 7507, 7507H, 7507S, 7508, 7508A, 7508H, 7514 


A4 


7527A, 7528A, 7537A, 7538A, 7533 


B1 


7500H, 7500H-E (Instruction set B) 


B2 


7501,7506 


B3 


7554, 7556, 7564, 7566 


Table 8. 


Symbols in the Operand Column of the 
Instruction Set 


Symbol 


Meaning 


addr 


13-bit immediate data or label 


addrl 


12-bit immediate data or label 


addr2 


11-bit immediate data or label 


addr3 


10-bit immediate data or label 


addr4 


1 to FH immediate data or label 


addr5 


0, 1, or 4 to BH immediate data or label 


addr6 


2 to BH immediate data or label 


addr7 


4-bit immediate data or label 


cadr 


11-bit immediate data or label 


caddrl 


0100H to 0107H, 0140H to 0147H, 0180H to 0187H, 
01C0H to 01C7H immediate data or label 


taddr 


00C0 to 00CFH immediate data or label 


taddrl 


00D0 to 00FFH immediate data or label 


mem 


8-bit immediate data or label 


byte 


8-bit immediate data or label 


n5 


5-bit immediate data or label 


n4 


4-bit immediate data or label 


n3 


3-bit immediate data or label 


bit 


2-bit immediate data or label 


pr 


DL, DE, HL-, HL+, HL 


pr1 


HL-, HL+, HL 



E 
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Table 9. 


Other Symbols in the Instruction Set 


Symbol 


Meaning 


A 


Accumulator 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


DE 


Pair register (DE) 


DL 


Pair register (DL) 


HL 


Pair register (HL) 


pr 


Pair register (DL, DE, HL- HL+, HL) 


SP 


Stack pointer 


PC 


Program counter 


CT 


Count register 


BNK 


Bank flag 


C 


Carry flag 


PSW 


Program status word 


SIO 


Shift register 


MOD 


Modulo register 


IE 


Interrupt enable register 


IME 


Interrupt master enable FF 


In 


byte, n5, n4, n3 type immediate data 


Pn 


addr, addrl, addr2, addr3, addr7, caddr, taddr, 
taddrl type immediate data 


Dn 


addr4, addr5, addr6, mem type immediate data 


Bn 


bit type immediate data 


R 


pr, pr1 type immediate data 


(xx) 


Contents of memory addressed by xx 


xxH 


Hexadecimal data 


«- 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


¥- 


Exclusive OR 


- 


Complement (overbar) 



Table 10. Port or Register Selection; Instructions 
IPL and IP 



L or addr5 


Port or Register 





PortO 


1 Port 1 


4 


Port 4 


5 


Port 5 


6 


Port 6 


7 


Port 7 


8 


7500, 7516H, 7519/19H: Expansion port (8243 port 4) 
7533: SA register lower 4 bits 


9 


7500, 7516H, 7519/19H: Expansion port (8243 port 5) 
7533: SA register higher 4 bits 


AH 


7500, 7516H, 7519/19H: Expansion port (8243 port 6) 
7533: E0C flag bit 2 


BH 


7500, 7516H, 7519/19H: Expansion port (8243 port 7) 


Table 11. 


Port or Register Selection; Instructions 
OPL and OP 


L or addr4 


Port or Register 


1 


Port 1 


2 


Port 2 


3 


Port 3 


4 


Port 4 


5 


Port 5 


6 


Port 6 


7 


Port 7 


8 


7500, 7516H, 7519/19H: Expansion port (8243 port 4) 


9 


7500, 7516H, 7519/19H: Expansion port (8243 port 5) 


AH 


7500, 7516H, 7519/19H: Expansion port (8243 port 6) 
7533: ADM register 


BH 


7500, 7516H, 7519/19H: Expansion port (8243 port 7) 


CH 


Clock mode register 


DH 


Interrupt mode register 


EH 


Port 6 mode register 


FH 


Shift mode register 
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Table 12. 


Port Selection; Instructions ANP and ORP 


addr6 






Port 




2 


Port 2 








3 


Port 3 








4 


Port 4 








5 


Port 5 








6 


Port 6 








7 


Port 7 








8 


7500, 7516H, 7519/19H: 


Expansion port (8243 port 4) 


9 


7500, 7516H, 7519/19H: 


Expansion port (8243 port 5) 


AH 


7500, 7516H, 7519/19H: 


Expansion port (8243 port 6) 


BH 


7500, 7516H, 


7519/19H: 


Expansion port (8243 port 7) 


Table 13. 


Port and Bit Selection; Instructions RPBL 
and SPBL 


Product 


Port Select 
[L 3 . L 2 ) 




Bit Select Li,L 




foPD) 


00 


01 10 


11 


7500H/H-E, 
7516H, 
7519, 751 9H 
(Note 1) 


00 
01 
10 
11 


P4 
P5 
P6 
P7 


P4-| P4 2 

P5t P5 2 
P6! P6 2 
P7l P7 2 


P4 3 
P5 3 
P63 
P7 3 


7527A/28A, 
7537A/38A 


00 
01 
10 

11 


P8 
P9 
P10 
P11rj 


P8 1 P8 2 
P9 1 P9 2 
P10i P10 2 
P11! P11 2 


P83 
P9 3 
PIO3 

P113 


7554/64 


00 
01 
10 

11 


P8 

P10 
P11 


P8t P8 2 
Use inhibited 
P10t P10 2 
P11t P11 2 


P8 3 

PIO3 

P113 


7556/66 


00 
01 
10 

11 


P8 
P9 
P10 
P11 


P8! P8 2 P8 3 
P9-| Use inhibited 
P10! P10 2 PIO3 
P11l P11 2 PH3 



E3 



Note: 

(1) Ports P4, P5, P6 and P7 are on//PD8243. 



3-23 



LiPD7500 



NEC 



Instruction Set 




Operand 


Operation 


Skip Condition 






/L/PD7500 Series Instruction Subset (Note 1) 




Mnemonic 


A1 


A2 


A3 


A4 


B1 


B2 


B3 


• Load instructions 


LAI 


n4 


A«-n4 


String effect LAI 




X 


X 


X 


X 


X 


X 


X 


LDI 


n4 


D«-n4 






X 


X 


X 










LEI 


n4 


E*-n4 






X 


X 


X 










LHI 


n4 


H*-n4 






X 


X 


X 










LHI 


n3 


H — 0l 2 l-|l 














X 


X(2). 


X(2) 


LLI 


n4 


L«-n4 






X 


X 


X 










LAM 


Pr 


A *- (pr) 

pr = DL, DE, HL- HL+, HL 


L = (HL+) 
L = FH (HL-) 




X 


X 


X 


X 








LAM 


pr1 


A — (pr1) 

pr1 = HL-, HL+, HL 


L = 0(HL+) 
L = FH (HL-) 












X 


X 


X 


LADR 


mem 


A •*- (mem) 






X 


X 


X 


X 


X 


X 




LDEI 


byte 


DE *- byte 






X 


X 


X 










LHLI 


byte 


HL *- byte 


String effect LHLI, 


LHLT 


X 


X 


X 


X 








LHLI 


n5 


HL*-OOOI 4 l 3 l 2 lilo 


String effect LHLI 












X 


X 


X 


LHLT 


taddr 


H *- TABLE (000001 100P 3 P 2 PiPo)h 
L «- TABLE (000001 100P 3 P 2 PiP )l 


String effect LHLT, LHLI 


X 


X 


X 


X 








LAMT (3) 




A «- TABLE (BNK, PCu-PCe, 0, C, 

A3-A )h 

(HL) — TABLE (BNK, PCu-PCe, 0, C, 

A3-A )l 






X 




X(4) 




X 


X 




LAMTL (3) 




A — TABLE (BNK, PC-n-PCs, A 3 -A , 

(HL) 3 -(HL) )h 

(HL) *- TABLE (BNK, PCn-PC 8 , A 3 -A , 

(HL) 3 -(HL)o)l 






X 


X 


X(4) 


X 


X 






• Store Instructions 


ST 




(HL) *- A 


X 




X 


X 


X 


X 


X 


X 


X 


STII 


n4 


(HL) *- l 3 l 2 l-|l 

L — L + 1 














X 


X 


X 



Note: 

(1) X means the instruction is part of the subset. 

(2) aiPD7506/54/64/56/66 operation is H *- OO^o. 

(3) BNK is used only forthe//PD7516and Set A (A1). PC-io, PC-n use varies depending on ROM capacity. 

(4) LAMT is used only in //PD7502. LAMTL is not used in the,uPD7502 but is used by other devices in the A3 group. 



3-24 



SEC 



liPD7500 



Instruction Set (cont) 




Operand 


Operation 




Skip Condition 




//PD7500 Series Instruction Subset (Note 1) 




Mnemonic 


At 


A2 


A3 


A4 


B1 B2 


B3 


• Transfer Instructions 


TAD 




D*-A 






X 


X 


X 








TAE 




E«-A 






X 


X 


X 








TAH 




H— -A 






X 


X 


X 








TAL 




L-^A 






X 


X 


X 








TDA 




A-^D 






X 


X 


X 








TEA 




A*-E 






X 


X 


X 








THA 




A«-H 






X 


X 


X 








TLA 




A*-L 






X 


X 


X 








• Exchange Instructions 


XAD 




A* *D 






X 


X 


X 








XAE 




A« *E 






X 


X 


X 








XAH 




A< *H 






X 


X 


X 


X 


X X 




XAL 




A« *L 






X 


X 


X 


X 


X X 


X 


XAM 


pr 


A — (pr) 
pr = DL, DE, HL- 


, HL+, HL 


L = 0(HL+), 
L = FH (HL-) 


X 


X 


X 


X 






XAM 


pr1 


A ^^ (pr1) 
pr1 = HL-, HL+, 


HL 


L = 0(HL+), 
L = FH (HL-) 










X X 


X 


XADR 


mem 


A •« — »• (mem) 






X 


X 


X 


X 


X X 




XHDR 


mem 


H ■* — *■ (mem) 






X 


X 


X 


X 


X X 




XLDR 


mem 


L < — »■ (mem) 






X 


X 


X 


X 


X X 




• Arithmetic Instructions 


AISC 


n4 


A *- A + n4 




carry 


X 


X 


X 


X 


X X 


X 


ASC 




A «- A + (HL) 




carry 


X 


X 


X 


X 


X X 


X 


ACSC 




A, C — A + (HL) + C 


carry 


X 


X 


X 


X 


X X 


X 


ADSC 




A—-A + D 




carry 


X 


X 










AESC 




A — A + E 




carry 


X 


X 










AHSC 




A^-A + H 




carry 


X 


X 










ALSC 




A-^A + L 




carry 


X 


X 










SDSB 




A*-A-D 




borrow 


X 


X 










SESB 




A*-A-E 




borrow 


X 


X 










SHSB 




A<-A-H 




borrow 


X 


X 










SLSB 




A^A-L 




borrow 


X 


X 










• Logical Instructions 


EXL 




A *- A -V(HL) 






X 


X 


X 


X 


X X 


X 


ANL 




A — A A (HL) 






X 


X 


X 


X 


X X 




ORL 




A *- A V (HL) 






X 


X 


X 


X 


X X 





1 
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Instruction Set (cont) 
























Operation 






Skip Condition 




A/PD7500 Series Instruction Subset (Note 1) 


Mnemonic Operand 


A1 


A2 


A3 


A4 


B1 


B2 B3 


• Accumulator Instructions 


CMA 


A*-A 










X 


X 


X 


X 


X 


X X 


RAR 


C^A ; A 3 ^C; 


An 


^A n + 1 






X 


X 


X 


X 


X 


X 


RAL 


C«-A 3 ; An — C; 


An 


«-A n _i 






X 


X 






X 




• Program Status Word Instructions 


RC 


C — 










X 


X 


X 


X 


X 


X X 


SC 


C*-1 










X 


X 


X 


X 


X 


X X 


• Increment and Decrement Instructions 


IES 


E*-E + 1 






E = 




X 


X 


X 


X 






ILS 


L^-L + 1 






L = 




X 


X 


X 


X 


X 


X X 


IDE 


DE — DE + 1 










X 


X 










IHL 


HL^HL + 1 










X 


X 










IDRS mem 


(mem) •*— (mem) + 1 






(mem) = 


= 


X 


X 


X 


X 


X 


X X 


DES 


E«-E-1 






E = FH 




X 


X 


X 


X 






DLS 


L — L-1 






L = FH 




X 


X 


X 


X 


X 


X X 


DDE 


DE — DE - 1 










X 


X 










DHL 


HL — HL-1 










X 


X 










DDRS mem 


(mem) ■*— (mem) - 1 






(mem) = 


= FH 


X 


X 


X 


X 


X 


X X 


• Bit Manipulation Instructions 


RMB 


(HL) bit *- 










X 


X 


X 


X 


X 


X X 


SMB 


(HL)bit — 1 










X 


X 


X 


X 


X 


X X 


• Branch Instructions 


JMP addrl 


PCh-PCo-h-Ph-Po 










X 


X 


X(5) 


X(6) 




X(10) X(10) 


JMP addr2 


PCn-PCo — Pio-Po 














X(7) 


X(8) 


X 




JMPL addr 


BNK — P 13 ; PCn-PCo"" 


- P11-P0 






X 


X(9) 






X 




JCP addrl 


PC 5 -PC *- P5-P0 










X 


X 


X 


X 


X 


X X 


JAM addr7 


PCn-PCe — P3-P0; 
PC3-PC0 *- (HL) 


PC7-PC4 *- A 3 -A ; 




X 


X 


X 


X 


X 


X 



Note: 

(5) Only for //PD7503/08/08A/08H. 

(6) Only for //PD7528A/38A. 

(7) Only for //PD7502/07/07S/07H. 

(8) Only for //PD7527A/37A. 

(9) Onlyfor/yPD7516H. 

(10) Operation: PC 9 -PC — Pg-Pn 
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Instruction Set (cont) 






















Operand 


Operation 




Skip Condition 




//PD7500 Series Instruction Subset (Note 1 


) 


Mnemonic 


A1 


A2 


A3 


A4 


B1 


B2 


B3 


• Conditional Skip Instructions 


SKC 




Skip it C = 1 




C = 1 


X 


X 


X 


X 


X 


X 


X 


SKABT 


bit 


Skip it A bit = 1 




A bit = 1 


X 


X 


X 


X 


X 


X 


X 


SKMBT 


bit 


Skip if (HL) bit = 1 




(HL) bit = 1 


X 


X 


X 


X 


X 


X 


X 


SKMBF 


bit 


Skip if (HL) bit = 




(HL) bit = 


X 


X 


X 


X 


X 


X 


X 


SKAEM 




Skip if A = (HL) 




A = (HL) 


X 


X 


X 


X 


X 


X 


X 


SKAEI 


n4 


Skip if A = n4 




A = n4 


X 


X 


X 


X 


X 


X 


X 


SKDEI 


n4 


Skip if D = n4 




D = n4 


X 


X 


X 










SKEEI 


n4 


Skip if E = n4 




E = n4 


X 


X 


X 










SKHEI 


n4 


Skip if H = n4 




H = n4 


X 


X 


X 










SKLEI 


n4 


Skip if L = n4 




L = n4 


X 


X 


X 


X 


X 


X 




SKMEI 


n4 


Skip if (HL) = n4 




(HL) = n4 


X 


X 




X 


X 






• Serial Interface Instructions 


TAMSIO 




SIO H — A; SIO l — 


(HL) 




X 


X 


X 


X 


X 


X(12) 


X(13) 


TSIOAM 




A«-SIO H ; (HL)*- 


SIO L 




X 


X 


X 


X 


X 


X(12) 


X(13) 


SIO 




Start SIO 






X 


X 


X 


X 


X 


X(12) 


X(13) 


• Timer/Event Counter Instructions 


TAMMOD 




MOD H «-A; MOD L - 


— (HL) 




X 


X 


X 


X 


X 


X 




TIMER 




CT 7 -CT *- 






X 


X 


X 


X 


X 


X 


X 


TCNTAM 




A«-CT 7 -CT 4 ; (HL) 


*" CT 3 -CT 




X 


X 


X 


X 


X 


X 


X 


• Interrupt Control Instructions 


El 


n4 


Enable interrupt 






X 


X 


X 


X 








Dl 


n4 


Disable interrupt 






X 


X 


X 


X 








SKI 


n4 


Skip if interrupt 






X 


X 


X 


X 


X 


X 


X 



E 



Note: 

(12) SIO is not used in the //PD7506. 

(13) SIO is not used in the ji/PD7556/66. 
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Instruction Set (cont) 




Operation Skip Condition 


//PD7500 Series Instruction Subset (Note 1) 


Mnemonic Operand 


Al A2 A3 A4 B1 B2 B3 


• Stack Instructions 


CALL (11) caddr 


(SP - 1) (SP - 2) (SP - 4) — PCu-PCn; X 
(SP-3) — PSW; SP — SP-4; 
BNK — 0; PC11-PC0 — 0, P 10 -Po 


X X X X X X X 


CAL (11) caddrl 


(SP - 1) (SP - 2) (SP - 4) — PCn-PCo; 
(SP-3) — PSW; SP — SP-4; 
BNK — 0; 
PCn-PCo — OOOIP4P3OOOP2P1P0 


XXX 



CALT(11) taddrl 



(SP - 1) (SP - 2) (SP -A)*- PCn-PCo; 
(SP-3) — PSW; SP — SP-4; 
BNK — 0, PCn, PC-io, PC 6 , PC 5 — 0: 
PC9-PC7, PC4-PC0 — 
TABLE (000001 IP5P4P3P2P1P0) 



X X X X 



RT(11) 


PC^-PCo- (SP)(SP + 2)(SP + 3); 
BNK — (SP-Mh; SP — SP + 4 


X 


X 


X 


X 


XXX 


RTS (11) 


PCn-PCo — (SP)(SP + 2)(SP + 3); 

BNK<-(SP + 1) 1 ; 

SP — SP + 4, then skip unconditionally 


X 


X 


X 


X 


XXX 


RTPSW(11) 


PCn-PCo*- (SP)(SP + 2)(SP + 3); 
PSW — (SP + 1); SP — SP + 4 


X 


X 


X 


X 




PSHDE 


(SP-1) — H; (SP-2) — E; 
SP — SP-2 


X 


X 


X 






PSHHL 


(SP-1)*- H; (SP-2) — L; 
SP — SP-2 


X 


X 


X 






POPDE 


D — (SP + 1); E — (SP); 
SP — SP + 2 


X 


X 


X 






POPHL 


H — (SP + 1); L — (SP); 
SP — SP+ 2 


X 


X 


X 






TAMSP 


SP7-SP4 — A; SP3-SP1 — 
(HL) 3 -(HL) i; SPo — 


X 


X 


X 


X 


XXX 


TSPAM 


A — SP7-SP4; (HD^HL)!,- 
SP3-SP1; (HL)o- 


X 


X 


X 


X 


X 



Note: 

(11) BNK is used only for //PD7516H and Set A. The use of PC10 and PCn varies depending on the ROM capacity. 
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Note: 

(14) IP1 is not used in the/yPD7507S. 

(15) IP1 is not used in the ,uPD7554/64. 

(16) OP3 is not used in thejuPD7506. 

(17) ANP and ORP are used only in the /UPD7533. 

(18) SPBL and RPBL are not used in the //PD7533. 



liPD7500 



Instruction Set (cont) 




Operand 


Operation Skip Conditio 




juPD7500 Series Instruction Subset (Note 1) 


Mnemonic 


n A1 


A2 


A3 


A4 


B1 


B2 B3 


• Parallel I/O Instructions 


IPL 




A — PORT (L) 


X 


X 


X 


X 


X 


X X 


IP 


addr5 


A *- PORT (addr5) 


X 


X 


X 


X 


X 


X 


IP1 




A — P0RT1 


X 


X 


X(14) 




X 


X X (15) 


IP54 




A*-P0RT5; (HL) — P0RT4 


X 


X 


X 


X 


X 


X 


OPL 




P0RT/M0DEREG(L)«-A 


X 


X 


X 


X 


X 


X X 


OP 


addr4 


PORT/MODE REG (addr4)^- A 


X 


X 


X 


X 


X 


X 


0P3 




P0RT3 *- A 


X 


X 


X 


X 


X 


X(16) 


0P54 




P0RT5*-A; P0RT4^-(HL) 


X 


X 


X 


X 


X 


X 


ANP 


addr6, n4 


PORT (addr6) — PORT (addr6) A n4 


X 


X 


X 


X(17) 






ORP 


addr6, n4 


PORT (addr6) — PORT (addr6) V n4 


X 


X 


X 


X(17) 






RPBL 




Port bit (L) — 


X 






X(18) 


X 


X 


SPBL 




Port bit (L) — 1 


X 






X(18) 


X 


X 


HALT 




Set Halt mode 


X 


X 


X 


X 


X 


X X 


STOP 




Set Stop mode 


X 


X 


X 


X 


X 


X X 


NOP 




No operation 


X 


X 


X 


X 


X 


X X 



E 
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//PD7500H/H-E 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

FOR//PD7500-SERIES EVALUATION 



Description 

The//PD7500Hand//PD7500H-E are single-chip micro- 
computers created as ROM-less evaluation chips for 
4-bit single-chip microcomputers in the/^PD7500 series. 
They are used with the appropriate Evakit development 
tool to emulate device operation of the//PD7500 series. 
The //PD7500H and yuPD7500H-E incorporate a 4-bit 
parallel ALU, a data memory (RAM), a bus interface, 
I/O ports, an 8-bit serial interface, an 8-bit pro- 
grammable timer/event counter, and vectored interrupt 
functions integrated into a single-chip design. 

External memory may be a 2764 or any other type that 
interfaces an 8085-type bus. 

Features 

□ >uPD7500 series evaluation chip 

□ 4-bit microcomputer 

□ Two instruction sets: 

— Set A: 110 instructions 

— Set B: 70 instructions 

□ Instruction cycles: 

— //PD7500H: RC oscillator = 5 //s/400 kHz 

External clock = 2.86//S/700 kHz 

— H/PD7500H-E: RC oscillator = 10 fjs/200 kHz 

External clock = 10 //s/200 kHz 

□ External program memory: 8192 words x 8 bits 

□ Internal data memory (RAM): 256 words x 4 bits 

□ Three vectored interrupts (INTO, INT1, INT2) 

□ Two internal interrupts (INTS, INTT) 

□ 8-bit interval timer/event counter 

□ 8-bit serial interface 

□ Three types of serial clocks 
D 8243 I/O expander interface 

D Power-down functions using standby 
(STOP/HALT) mode 

□ Built-in RC oscillator for system clock (external 
drive also possible) 

□ Built-in crystal oscillator for count clock (external 
drive also possible) 

□ LCD regulating clock output (LCD CL) 

□ Low power consumption CMOS 

□ Single +5 V +10% power supply 



Pin Configuration 



Ordering Information 




Part Number Package Type 


Maximum Frequency 
of Operation 


A/PD7500HG-36 64-pin plastic QUIP 


700 kHz 


//PD7500H-EG-36 64-pin plastic QUIP 


410 kHz 



xi c 


1 >■ 


^ £7 


3 v S s 


X2I 


2 


63 


1 BUS7 


TEST £ 


3 


62 


3 buss 


BUS 8 I 


4 


61 


1 buss 


BUSg C 


5 


60 


3 BUS4 


BUS-io I 


6 


59 


1 BUS3 


BUSn C 


7 


58 


3 BUS2 


BUS12 I 


8 


57 


1 BUS1 


BUS13 c 


9 


56 


3 BUSo 


P4QI 


10 


55 


ZZ3P13 


P4i C 


11 


54 3 P12 


P42 I 


12 


53 


IP11 


P4 3 C 


13 


52 


3 P1 


P5o I 


14 


51 


' 1 STB 


P51 C 


15 ± 50 b CSOUT 


P52I 


16 £ 49 


1 LCD CL 


P5 3 C 


17 jS 48 3 PSEN 


P60 | 


18 £ 47 


1 P2Q/PSTB 


P61 C 


19 


46 3 P21/PTOUT 


P62I 


20 


45 


IP22 


P63 c 


21 


44 3 P2 3 


P7QI 


22 


43 


1 PO3/SI 


P71 C 


23 


42 3 PO2/SO 


P72I 


24 


41 


1 PO1/SCK 


P7 3 C 


25 


40 3 p °o 


INT1 | 


26 


39 


1 NC 


INTO £ 


27 


38 3 ALE 


INT2 | 


28 


37 


1 DOUT 


RESET £ 


29 


36 II P33 


CL2| 


30 


35 


IP32 


CL1 £ 


31 


34 3 P31 


VPDI 


32 


33 


1 P3o 








83-003403A 



E 
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Pin Identification 



No. 


Symbol 


Function 


1.2 


X2,X1 


Crystal clock/external event input port n 


3 


TEST 


Factory test pin (connect to Vss) 


4-9, 56-63 


BUS -BUS 13 


External data bus connected to external 
program memory 


10-13 


P4 -P4 3 


4-bit input/latched three-state output 
port 4 


14-17 


P5 -P5 3 


4-bit input/ latched three-state output 
port 5 


18-21 


P60-P63 


4-bit input/latched three-state output 
port 6 


22-25 


P7 -P7 3 


4-bit input/latched three-state output 
port 7 


26 


INT1 


External interrupt INT1 


27 


INTO 


External interrupt INTO 


28 


INT2 


External interrupt INT2 


29 


RESET 


RESET input 


30,31 


CL1, CL2 


System clock input 


32 


Vdd 


Positive power supply 


33-36 


P3 -P3 3 


4-bit input/latched three-state output 
port 3 


37 


DODT 


Data output 


38 


ALE 


Address latch enable 


39 


NC 


No connection 


40-43 


P0 

PO^SCK 

P0 2 /S0 

PO3/SI 


4-bit input port 0, serial I/O interface 


44-47 


P2 /PSTB 
P2 1 /PTOUT 
P2 2 , P2 3 


4-bit latched three-state output port 2 


48 


PSER 


Program store enable 


49 


LCDCL 


Display timing pulse 


50 


CSOUT 


Chip select output 


51 


STB 


Strobe output 


52-55 


P10-P13 


4-bit input/three-state output port 1 


64 


v S s 


Ground 



Pin Functions 

BUS0-BUS13 [Data Bus] 

External data bus connected to external program 
memory. 



P0 0j POt/SCK, P0 2 /SO, PO3/SI [Port O/Serial 
Interface] 

4-bit input port O/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O interface, under control of the serial mode 
select register. The seria l input SI , serial output SO , 
and the serial clock SCK (synchronizes data transfer) 
make up the 8-bit serial I/O interface. 

P1 -P1 3 [Port1] 

4-bit input/three-state output port 1 . Data outpu t from 
port 1 is strobed in synchronization with a P2 /PSTB 
pulse. 



P2 /PSTB, P2VPTOUT, P2 2 , P2 3 [Port 2] 

4-bit latche d thre e-state output port 2 . Line P2 is 
shared with PSTB, the port 1 output strobe pulse. Line 
P2i is shared with PTOUT, the timer-out F/F signal . 

P3 -P3 3 [Port 3] 

4-bit input/latched three-state output port 3. 

P4 -P4 3 [Port 4] 

4-bit input/latched three-state output port 4. Also 
performs 8-bit parallel I/O with port 5. 

P5 -P5 3 [Port 5] 

4-bit input/latched three-state output port 5. Also 
performs 8-bit parallel I/O with port 4. 

P6 -P6 3 [Port 6] 

4-bit input/latched three-state output port 6. Individual 
lines can be configured as inputs or outputs under 
control of the port 6 mode select register. 

P7 -P7 3 [Port 7] 

4-bit input/latched three-state output port 7. 

INTO [Interrupt 0] 

External interrupt INTO . This isa rising edge-triggered 
interrupt. 
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INT1 [Interrupt 1] 

External interrupt INT1 . This is a rising edge-triggered 
interrupt. 

INT2 [Interrupt 2] 

External interrupt INT2 . This is a rising edge-triggered 
interrupt. 

CL1,CL2 [Clock Inputs] 

System clock input. Connect 62-kQ resistor across 
CL1 and CL2, and connect 33-pFcapacitorfromCL1 to 
Vss- Alternatively, you may connect an external clock 
source to CL1 and leave CL2 open. 

X2, X1 [Crystal Inputs] 

Crystal clock/external event input port n. A crystal 
oscillator circuit is connected to input X1 and output 
X2 for crystal clock operation. Alternatively, external 
event pulses are connected to input X1 and output X2 is 
left open. 



DOUT [Data Output] 

Data output. 

ALE [Address Latch Enable] 

Address latch enable . 



PSEN [Program Store Enable] 

Program store enable. 

LCD CL [Display Timing] 

Display timing pulse . 



CSOUT [Chip Select Output] 

Chip select output. Connected tO£<PD82C43. 

STB [Strobe Output] 

Strobe output. Connected to/uPD82C43. 



TEST [Test Pin] 

Factory test pin (connect to Vss)- 

RESET [Reset] 

RESET input . RC circuit or pulse initializes /iPD7500H 
after power up. 

NC [No Connection] 

No connection. 



Vqd [Power Supply] 

Positive power supply. Apply single voltage in the 
range 4.5 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 

Evaluation Chip Selection for Emulation 

Table 1 lists which evaluation chip should be used with 
the Evakits to emulate the appropriate speed of each 
device in the//PD7500 series. 



Table 1. 


Evaluation Chip Selection 


//PD7500H //PD7500H-E 


juPD7507H //PD7501 


//PD7508H 




//PD7502 


//PD7514 




A(PD7503 


//PD7516H (Note 1) 


//PD7506 


//PD7519H (Note 1) 


//PD7507 


A/PD7527A 




,uPD7507S 


//PD7528A 




//PD7508 


A/PD7533 




A<PD7508A 


//PD7537A 




A/PD7519 


//PD7538A 


/yPD7554 


//PD7556 


//PD7564 


/uPD7566 



Note: 

(1) Up to 5.5 MHz during emulation. 



E 
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Block Diagram 



LA 



TOUT INT2 INT1 INTO 

INTT 



POi/SCK PO3/SI 
PO2/SO " 



J I I NTT III I NTS '< < | 



Count 

Clock 

Generator 


X 


Clock 
Control 
Circuit 


CP 


Timer/Event 
Counter 




Interrupt 
Controller 




Serial I/O 
Interface 




r 

CL 



















DISI 


J 










n 



/\/\ 



! 12-Bit 

j Program Counter 



ALE-«- 
PSEN-«- 



BUSo- 
BUS13 



<n> 



TL 



ia 



Address Bus 
Interface 



Register "[" Break 
Dump i Controller 






General Registers 



^ 



Instruction 
Decoder 



H[4] 



Stack Pointer [8] 



Data Memory 
256 x 4-Bit RAM [//PD7500] 



o 

o 



J_L 



System 

Clock 

Generator 



rr 



Standby 
Control 



I/O Expansion 
Controller 



I I l Tl 



RESET Vdd Vss 



CSOUT STB 



\ Buffer \ 4 I 



O|^e 1 r^>-0-P1 3 

X P2o/ 

4 > P2i/ 
V P22, 



TOUT 
STB 

5 



Port 2 
Latch 
Buffer 



P20/PSTB 
P21/PTOUT 
P2 3 



nPort 4 AX 
Latch (4) P4o-P43 
Buffer \v 



Port 3 
Latch 
Buffer 



w 



AJ\ Port 5 AX 
( \ Latch (4 ) P50-P53 
W Buffer V/ 



/U\ Port 6 AX 
Q ^> Latch C 4 \ P60-P63 
\TK Buffer \r/ 



a Port 7 XX 
Latch <T 4 _> P7o-P7 3 
Buffer Vl/ 



See figures 1 through 7 for additional block diagram 
details. 



Figure 1. Data Memory Map 



Figure 



Title 



1 


Data Memory Map 


2 


Program Memory Map 


3 


Timer/Event Counter 


4 


Serial Interface 


5 


Interrupt Control 


6 


Clock Control 


7 


Interface at Input/Output Ports 









[0] 00H 
[255] FFH 


256 Words x 4 Bits 
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Figure 2. Program Memory Map 



OOOOH 

OOFFH 
0100H 

OFFFH 
1000H 

1FFFH 






83-003406A 


256x8 


OOOOH 

001 OH 

\ 0020H 

\ 0030H 

\ 0040H 

\ 00C0H 

\ OOCFH 
\ 00D0H 

\ OOFFH 


RESET Vector 




INTT Vector 


- 3840 x 8 ; 




INTO/S Vector 




INT1 Vector 




INT2 Vector 




4096 x 8 


Reference Table [16 x 8] 
for LHLT Instruction 
[Set A Only] 


Reference Table [48 x 8] 
for CALT Instruction 
[Set A Only] 









E 
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Figure 3. Timer/Event Counter 



Count Hold 
Circuit 



'Command Execution 



7^ 



8 h TAMMOD* 



8-Bit Modulo Register 



sz. 



8-Bit Comparator 



7> 



8-Bit Count Register 



a 



Timer-Out 
F/F 



Timer 
RESET* 



[Coincidence Signal] 
INTT 



TOUT 

[To PTOUT Terminal 

and Serial Interface] 



Figure 4. Serial Interface 



PO3/SI o- 



* Command Execution 
System Clock 



•TSIOAM H 8 



8 H 'TAMSIO 



1 T 

I I I 

8-Bit Shift Register 

I I I 

I I I 



I I I , I IZ3 





Shift Mode Register 



=>^D — •— 



1 1 

J L 



RS F/F 
Q S 
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Figure 5. Interrupt Control 



1£— 31 



INT1 Mode 
Register 



Sync 
Edge 
Detect 



Nonsync 
Edge 
Detect 




Timer RESET' 



Nonsync 
Edge 
Detect 



Multiplexer 



—3D- 



Sync 
Edge 
Detect 



'Command Signal 



^ 



S INT1 
R RQF 



N^ 



S INTT 
RQF 



S 



S INTO/S 
RQF 



^ 



INT2 
RQF 



^np 



INT Enable Reg 



o 



>* 



Standby 
Release 



7Y 
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Figure 6. Clock Control 



3£ 



CM3 ! CM2 ! cmi | cmo 



Prescaler 

[1/4] 



Clock Mode Register 




Prescaler Prescaler 

[1/8] ~T~ [1/8] 



£=, 



Multiplexer 







D- 



[To the Timer/Event Counter] 
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Figure 7. Interface at Input/Output Ports 



Type A 
TEST, POo 



Vdd 






-O Input 



VSS 



TypeB 
INTO, INT1, INT2, RESET, PO3/SI 




-o Input 



TypeC 



BUS8, BUS9 DOUT, ALE, PSEN, LCD CL, CSOUT, STB 

P-ch 



hM 



HI 



Type D 
P30-P33, P20/PSTB, P21/PTOUT, P22, P23 



P-ch 

FDHE 



Output 
Disable 



' o Output 



i>HE 



N-ch 

VSS 



Type E 

BUS0-BUS7, BUS10-BUS13, P40-P43, P50-P53, 

P60-P63, P70-P73, P02/SO, P10-P13 



Output _ 
Disable 



Output 
Disable 



t In/Out 




Type A 



Type F 
PO1/SCK 



Type D 
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Absolute Maximum Ratings 

T A = 25°C 



Operating temperature, Topt 
/^PD7500H 
A<PD7500H-E 


0to+40°C 
-10 to +70 °C 


Storage temperature, TgjG 


-65to+150°C 


Power supply voltage, Vdd 


-0.3 to +7.0 V 


All input and output voltages 


-0.3 to V DD + 0.3 V 


Output current (total, all output ports) 

"OL 


-20 mA 
50 mA 



Comment: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



DC Characteristics 

A<PD7500H: T A = to +40°C, V DD = 5 V +5% 
//PD7500H-E: T A = -10 to +70 °C, V DD = 5 V ±10% 





Symbol 






Limits 






Unit 






A(PD7500H 




A/PD7500H-E 






Parameter 


Min 


Typ 


Max 


Min 


Typ 


Max 


Test Conditions 


Input high voltage 


V|H1 


0.7 V DD 




VDD 


0.7 V DD 




Vdd 


V 


All inputs other than CL1,X1 




V|H2 


Vdd-0.5 




Vdd 


V DD -0.5 




Vdd 


V 


CL1.X1 


Input low voltage 


VlLI 







0.3 V DD 





l 


3.3 V DD 


V 


All inputs other than CL1.X1 




V|L2 







0.5 







0.5 


V 


CL1.X1 


Input leakage current, high 


■urn 






3 






3 


//A 


All inputs other than CL1.X1 




'LIH2 






10 






10 


nA 


CL1.X1 


Input leakage current, low 


'lili 






-3 






-3 


M* 


All inputs other than CL1.X1 




'LIL2 






-10 






-10 


M 


CL1.X1 


Output voltage, high 


V H 


Vdd-1-0 






Vdd -10 






V 


l0H = 10mA 


Output voltage, low 


Vol 






0.4 






0.4 


V 


loL = 1-6mA 


Output leakage current, high 


'loh 




3 






3 




/*A 


v = v DD 


Output leakage current, low 


■lol 




-3 






-3 




M 


V o = 0V 


Supply current 


Iddi 




4 






3 




mA 


Normal operation, all output pins 
open, no BUS conflicts 




■dD2 


2 


20 




2 


20 




//A 


Stop mode, X1 = V 


Capacitance 

T A = 25°C, V DD = V, f = 1 MHz 




Symbol 






Limits 






Unit 






/iPD7500H 




//PD7500H-E 






Parameter 


Min 


Typ 


Max 


Min 


Typ 


Max 


Test Conditions 


Input capacitance 


C| 






15 






15 


pF 


Unmeasured pins returned to Vss 


Output capacitance 


Co 






15 






15 


PF 




I/O capacitance 


C|0 






15 






15 


PF 
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AC Characteristics 

//PD7500H: T A = to 40°C, V DD = 5 V ±5% 
AiPD7500H-E: T A = -10 to +70 °C, V DD = 5 V ±10% 





Symbol 


Limits 


Unit 






//PD7500H //P07500H-E 




Parameter 


Min Typ Max Min Typ Max 


Test Conditions 


Clock Operation 



System clock oscillation frequency 



300 400 500 160 200 250 kHz C = 33pF±5%; 

//PD7500H: R = 33 kfi ±2%; 
//PD7500H-E: R = 62 kfi ±2% 







10 


700 


10 


410 


kHz CL1 = external clock 


CL1 input rise time 


tCR 




0.2 




0.2 


/us 


CL1 input fall time 


tCF 




0.2 




0.2 


/US 


CL1 input clock width (high) 


tfJH 


0.7 




1.2 




/"S 


CL1 input clock width (low) 


tCL 


0.7 




1.2 




/us 


Count clock oscillation frequency (X1, X2) 


f xx 


25 32 50 


25 32 50 


kHz Crystal oscillation 


Count clock input frequency (X1) 


fx 





700 





410 


kHz 


X1 input rise time 


f XR 




0.2 




0.2 


/us 


X1 input fall time 


fXF 




0.2 




0.2 


/US 


X1 input clock width (high) 


tXH 


0.7 




1.2 




/us 


X1 input clock width (low) 


tXL 


0.7 




1.2 




jus 


Bus I/O Operation 


ALE pulse width (high) 


tLH 


400 




600 




ns 


Address setup time to ALE i 


tAL 


100 




200 




ns 


Address hold time to ALE 1 


tLA 


80 




80 




ns 


Output data setup time to DOUT t 


l DDO 


200 




200 




ns 


Output data hold time after DOUT t 


tDOD 


80 




80 




ns 


DOUT pulse width (low) 


tDOL 


400 




600 




ns 


ALE — »■ data input valid time 


*LDV 




600 




700 


ns 


Address — »• data input valid time 


l ADV 




700 




900 


ns 


PSEN pulse width (low) 


tpSL 


700 




1000 




ns 


PSEN —- data input valid time 


tpSDV 




300 




600 


ns 


PSEN -* data float 


tpSDF 












ns 



E 
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AC Characteristics (cont) 




Symbol 




Limits 




Unit 






yuPD7500H 


//PD7500H-E 






Parameter 


Min Typ 


Max Min Typ 


Max 


Test Conditions 


Port I/O Operation 


Port 1 output setup time to STBt 


l PST 


200 


200 




ns 


Port output mode 


Port 1 output hold time after STBt 


l STP 


80 


80 




ns 




STB pulse width (low) 


tSTL1 


400 


600 




ns 





Output data setup time to STBt 



l DST 



300 



300 



Output data hold time after STBt 



tSTD 



80 



STBi-* input data valid time 



STBi— * input data float time 



Control setup time to STBi 



Control hold time after STBi 



STB pulse width (low) 



CSOUT setup time to STBi 



tSTDV 



850 



tSTDF 



*CST 



200 



200 



tSTC 



80 



80 



l STL2 



700 



1000 



l CSST 



200 



200 



ns I/O expander mode 



850 



CSOUT hold time after STBi 


tSTCS 


80 


80 


ns 




Serial Interface Operation 


SCK cycle time 


tKCY 


2.5 


3.0 


fjS 


Input 




2.86 


4.9 


us 


Output 


SCK pulse width, high 


l KH 


1.1 


1.3 


(IS 


Input 




1.3 


2.2 


us 


Output 


SCK pulse width, low 


tKL 


1.1 


1.3 


us 


Input 




1.3 


2.2 


us 


Output 


SI setup time to SCKt 


tsiK 


300 


300 


ns 




SI hold time after SCKt 


ksi 


450 


450 


ns 




SO output delay after SCKt 


l SKO 




500 


850 ns 




Other Operations 


INTO pulse width, high 


t|0H 


10 


10 


us 




INTO pulse width, low 


tlOL 


10 


10 


us 




INT1 pulse width, high 


t|1H 


2/f 


2/f 


us 




INT1 pulse width, low 


t|1L 


2/f* 


2/f 


us 




INT2 pulse width, high 


*I2H 


2/f 


2/f 


us 




INT2 pulse width, low 


t|2L 


2/f 


2/f 


us 




RESET pulse width, high 


tRSH 


10 


10 


us 




RESET pulse width, low 


l RSL 


10 


10 


us 
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Timing Waveforms 

AC Test Input 



Strobe Output Timing 



X 



0.7 Vdd 
0.3 Vpp 



0.7 Vdd \/~ 

0-3 Vpp A 



Clock Timing 



~\ / V 



A / V 



—tXF 

83-00341 2A 



P10-P13 \ 



/ 




Bus I/O Timing 























CL1 

ALE 

BUSn-BUS 7 , 


3 


\ 


r 


\ 




/ 




' \ 




_/ 


»«LA* 


V ; 










Address 


! 


1 


i 


/ 


BUS10-BUS13 5 


> 5 


r \ 








BUSa, 
BUS9 


> 


I 


! 


K 


)! 


Data Out 


<_ 




X 








— tDDO ► 


tpOD 


DOUT 






\ 


/■ 






« tDOL ► 






PSEN 
BUS0-BUS7, 


\ 


\ 


1 










*-tpSDV~» 




tPSDF" 


j 


s 




BUS10-BUS13 ! 


! 

83-00341 3B 
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Timing Waveforms (cont) 

Port 1 I/O Expander Port Timing 



Expander 
Port Output ' 



Expander 
Port Input ' 



\ 



X 



\ 



> 



Input Data 



/ 



/ 



Serial Interface Timing 



Interrupt Input Timing 









SCK \ 




-tKL- 






-tKH 


— H 


t 








,' 


t 


\ 




■• — *SIK — • 


-Mksi-» 








Input Data , 






■«-tKSO-» 






) 


. Output Data 


X 








83-00341 6A 



RESET Input Timing 




INTO 

[Rising Edge Triggered] 



INT1 

[Rising Edge Triggered] 



INT1 

[Falling Edge Triggered] 



INT2 

[Rising Edge Triggered] 



A / ~A 



~\ / 'v 



J 




f 



~\ / V 
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A/PD7501 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH LCD CONTROLLER/DRIVER 



Description 

The/uPD7501 4-bit, single-chip CMOS microcomputer 
has advanced fourth-generation architecture with the 
functional blocks necessaryforasingle-chipcontroller, 
including an 8-bit timer/event counter, an 8-bit serial 
I/O, and an LCD display controller/driver. 

The /vPD7501 contains two 4-bit general-purpose 
registers outside of RAM. The /yPD7501 executes a 
subset of theyuPD7500 series B instruction set with a 
10-yus instruction cycle time. 

Maximum power consumption is 900 /jA at 5 V and 
300 //A at 3 V. The HALT and STOP instructions further 
reduce power consumption. 

Features 

□ 1024 x 8-bit program ROM 

□ 96 x 4-bit data RAM 

□ Interrupts 
—External: INTO, INT1 

—Internal: INTT (timer/event counter), INTS 
(serial interface) 

□ 8-bit timer/event counter 
—Based on crystal oscillation 

—External event counter (prescale option by 64) 

□ Serial interface 

□ LCD controller/driver 
—Programmable multiplexing mode: triplex or 

quadruplex 
—4 common lines (COM -COM 3 ) 
—24 segment lines (S0-S23) 

□ Standby modes: stop, halt 

□ Data retention mode 

□ I/O ports 

— 3 input ports 
—1 output port 
—3 I/O ports 

□ RC oscillation clock 

□ Crystal oscillation clock 

□ 2.5 to 6.0 V operating voltages 

□ CMOS technology 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


//PD7501G-12 64-pin plastic miniflat 


410 kHz 



Pin Configuration 



a. a.Q-a-Q-O>O0CQ.(/>«cn 

nnnnnnnnnnnnn 



NCC 1 
P3 2 E 
P31C 
P3 C 4 
PO3/SI C 
PO2/SO C 
PO-i/SCK C 7 
P63 C 
P62C 
P61 C 10 
P60C 
P53C 
P5 2 C 13 
P5iC 
P5oC 
P4 3 C 16 
P4 2 C 
P41 C 
P4 C 19 



o 



MPD7501 



51 3 S3 
DS 4 

3s 5 

48 3 Se 

:s 7 

3S 8 

45 3S9 

3s 10 
3Sn 

42 :s 12 

3S13 

3Su 

39 3S 15 

3Sie 

3S17 

36 3Sis 

3S19 

DS20 

33 DS21 



UUUUUUUUUUUUU 



x x » o a 



> o o Q 



> O o O O 




Pinl 


dentif ication 




No. 


Symbol 


Function 


1 


NC 


No connection 


2-4, 64 


P3 3 -P3 


Output port 3 


5-7, 55 


PO3/SI 
P0 2 /S0 
PO-i/SCK 
P0 /INT1 


Input port 0, serial I/O interface, 
external interrupt 


8-11 


P63-P60 


I/O port 6 


12-15 


P5 3 -P5 


I/O port 5 


16-19 


P4 3 -P4 


I/O port 4 


20,21 


X2.X1 


Crystal clock/external event input 


22 


v ss 


Ground 


23-25 


V|.CD3-VlCD1 


LCD bias voltage inputs 


26,58 


Vdd 


Positive power supply 


27-30 


COM0-COM3 


LCD backplane driver outputs 


31-54 


s 23- s 


LCD segment driver outputs 


56 


RESET 


Reset input 


57,59 


CL1.CL2 


System clock input 


60-63 


P13-P11 
P1 /|NT0 


Input port 1, external interrupt 
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Pin Functions 



PO3-PO0 [Input Port 0]; SI, SO, SCK [Serial 
I/O Interface]; and INT1 [External Interrupt] 

This port can be configured as a 4-bit parallel input 
port or as the 8-fcit serial I/O interface under control of 
the serial- mode select register. Th e set I input SI, 
serial output SO, and the serial clock SCK (active low) 
used for synchronizing data transfer make up the 8-bit 
serial I/O interface. Line POo is always shared with 
externalinterruptlNTLIf P 0p/IN T1 is unused, it should 
be connected to V S s- If POySCK, P0 2 /SO, or PO3/SI are 
unused, connect them to Vss or Vdq. 

PI3-PI0 [Input Port 1] and INTO 
[External Interrupt] 

Four-bit input port. Line P1o is shared with external 
interrupt INTO, a rising edge-triggered interrupt. If 
P1o/INTO is unused, connect it to V S s- If PI3-PI1 are 
unused, connect them to Vss or Vdd- 

P3 3 -P3 [Output Port 3] 

Four-bit latched three-state output port 3. Leave unused 
pins open. 

P4 3 -P4 [I/O Port 4] 

Four-bit input/latched three-state output port. This 
port also performs 8-bit parallel I/O with port 5. In 
input mode, connect unused pins to Vss or v dd- |n 
output mode, leave unused pins open. 

P5 3 -P5 [I/O Port 5] 

Four-bit input/latched three-state output port. This 
port also performs 8-bit parallel I/O with port 4. In 
input mode, connect unused pins to Vss or v dd- |n 
output mode, leave unused pins open. 

P63-P60 [I/O Port 6] 

Four-bit input/latched three-state output port. The 
port 6 mode select register configures individual lines 
as inputs or outputs. In input mode, connect unused 
pins to Vss or v dd- ' n output mode, leave unused pins 
open. 



COM3-COM0 [LCD Backplane Driver Outputs] 

Leave unused pins open. 

S23-S0 [LCD Segment Driver Outputs] 

Leave unused pins open. 

Vlcd3-V|_cdi [LCD Bias Voltage Inputs] 

LCD bias voltage supply to the LCD voltage controller. 
Apply appropriate voltages from a voltage ladder 
connected across Vdd- Leave unused pins open. 

X2, XI [Crystal Clock/External Event Input] 

For crystal clock operation, connect a crystal oscillator 
circuit to input X1 and output X2. For external event 
counting, input event pulses to X1 and leave X2 open. If 
X1 is not used, leave it open. If X2 is not used, connect it 
to V S s- 

CL1, CL2 [System Clock Input] 

Connect an 82-kfi resistor across CL1 and CL2, and 
connect a 33-pF capacitor from CL1 to Vss- Alter- 
natively, connect an external clock source to CL1 and 
leave CL2 open. 

RESET [Reset Input] 

A high-level input to the RESET pin initializes the 
//PD7501 after power-up. 

Vdd [Positive Power Supply] 

Apply a single voltage in the range +2.7 to +6.0 volts 
for proper operation. 
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Block Diagram 



INTO/P1o INT1/P0n 



SCK/PO1 SI/PO3 



SO/PO2 



Count 

Clock 

Generator 



P 



Clock 
Control 



Timer/Event 
Counter 



Test 
Control 



Serial 
Interface 



Program Counter (10) 



Program Memory 
1024 x 8 Bits 



10/ \,L. 

J_l 



System 

Clock 

Generator 



Standby 
Control 



CL1 CL2 



7^ 




Instruction 
Decoder 



Stack Pointer (8) 



H 



Data Memory 
96 x 4 Bits 



'3- 



n 



Port 
Buffer 



PO0PO3 
P10-P13 



<^z es: <^TJ 



O ^ 



K 

Y 


Port 3 
Latch 
Buffer 






O 


Port 4 
Latch 
Buffer 



P3n-P3 3 



o 



P5 -P5 3 
Port 5 y\ — 1\ 
Latch 
Buffer 



w 



P60-P63 

Port 6 /l__N 



\V 



LCD Controller/Driver 



| f t ^ ^ fJ 

DD Vss RESET S 0"S23 COM0-COM3 V L CD1, V L ( 



COM0-COM3 VLCD1, VLCD2, 

VLCD3 



E 



Details of some blocks on the diagram are illustrated 
in figures 1 through 6 as listed below. 



Figure 



Title 



1 


Interface at Input/Output Ports 


2 


Clock Control 


3 


Timer/Event Counter 


4 


Test Control 


5 


Serial Interface 


6 


LCD Controller/Driver 
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Figure 1. Interface at Input/Output Ports 



Type A 
P11, P12, P13 



r-cn 



■ i < Input 



Vss 



Type B 
POo/INTI, PO3/SI, P1Q/INT0, RESET 




IT 



-o Input 



Type D 
P30-P33 



Output 
Disable 



£ 



VDD 
P-ch 

FOHE 



> Output 



^>hE 



N-ch 
VSS 



Type E 
P02/SO, P40-P43, P50-P53, P60-P63 



Output 
Disable 



K 



P-ch 

FCHE 



N-ch 

Vdd v ss 

hP-ch 
lh_ 

If- 



Input/ 
Output 



Vss 



Type F 
PO1/SCK 



Output 
Disable 



K 



FCH 



N-ch 
VSS 

3J 




Input/ 
1 Output 
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Figure 2. Clock Control 



Prescaler 1 

(1/4) 



iz. 





Clock Mode Register 


CM1 


CMO 


Count Pulse 


LCD Clock 








256 


CLx -L 
CLX 256 





1 


Xx -!- 
* X 64 


Xx -J- 
* x 64 


1 





X 


CLx W 


1 


1 


X 


Xx -L 
* x 64 



CMO Clock Mode Register 




Prescaler 2 
(1/64) 




LCD CL 
~*" (LCD Controller/Driver) 



(Timer/Event Counter) 



Figure 3. Timer/Event Counter 













I NTT 




\ 


Inter 


na 
8 


Bus \ 


z 


7\ 

8 


^ 


J 


TAMMOD* 








\/ 




8-Bit Modulo Register 




\ 


8 


7 




8-Bit Comparator 








"*■ (To Interrupt Circuit) 
TOUT 


i 


8 


\ 




























Count Hold 
Circuit 




8-Bit Count Register 












CLR I 








A 


Timer-Out 
F/F 




I 










(To Serial Interface) 

83-003322B 




CLR 




T 






















*Ti 
RE 


ner 
SET 







3-49 



A/PD7501 



NEC 



Figure 4. Test Control 



'Instruction Execution 




p 



Nonsync 
Edge 
Detect 



Nonsync 
Edge 
Detect 



Sync 
Edge 
Detect 



Pi 



TP 



3> 



Standby 
Release 



Figure 5. Serial Interface 



PO3/SI o- 



TSIOAM H 8 



J t^ J 



'Command Execution 
System Clock 



I I I I 

I I I I 

| 8-Bit Shift Register 

I I I I 

I ' I ' II I ' I 



■* »- INT1 




3ZTT 



OP* 
OPL* 



Shift Mode Register 



q^=D — l 



n r 

i i 

3-Bit Count 

i i 

_l l_ 



•TOUT 
■<t> 



INTS 
' (To Interrupt Circuit) 
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Figure 6. LCD Controller/ Driver 



Data 
Memory 



Multiplexer 



23H 
3 2 10 



7y 

4 



22H 
3 2 10 



01H 
3 2 10 



♦ ♦♦tttfT ♦ ♦ t T ♦ 



00H 
3 2 10 



Segment Driver 



S23 S22 

Multiplexer 

3 2 10 











c 


1 


y 


i 



LCD Voltage Ladder Connections 


VDD 

Vlcdi 

VLCD2 

VLCD3 

VSS 




R > 

1 C 
1 II 


I 

R ^ 

1 c 
1 II 


1 
R < 

1 C 
1 II 


I 


i 



2 p OP, OPL (Command Execution) 

Display MSR 



^S 



DM0 



LCD Bias Voltages 



i — i — r 



u ,i 



Common Driver 



~ J I I i 1 I I I I 



Si So VLCD3 VLCD2 VLCD1 COM3 COM 2 COM1 COM 



COM0-COM3 Outputs (Type G) 

frr" 



1 N-C 



"liT 



jn 



So-S23 Outputs (Type H) 

Pen 



ux 
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DC Characteristics 

For V DD = 2.7 to 6.0 Volts 

T A = -10to+70°C 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Input voltage, high 


Vim 


0.7 V DD 


Vdd 


V 


Except CL1.X1 




V IH2 


Vdd-0.5 


Vdd 


V 


CL1.X1 




VlHDR 


0.9V D DDR 


V ODDR +0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 





0-3 V DD 


V 


Except CL1.X1 




V|L2 





0.5 


V 


CL1, X1 


Output voltage, high 


VOH 


Vdd-1.0 




V 


lOH = -10 mA; V D D = 4.5 to 6.0 V 




Vdd-0.5 




V 


Iol = -100j/A 


Output voltage, low 


Vol 




0.4 


V 


Iol = 1.6 mA; Vdd = 4.5 to 6.0 V 






0.5 


V 


Iol = 400//A 


Input leakage current, high 


'urn 




3 


M 


Except CL1,X1;V| = V D d 




'LIH2 




10 


i"A 


CL1,X1;V| = V D d 


Input leakage current, low 


•uu 




-3 


M 


Except CL1,X1;V| = 0V 




>LIL2 




-10 


*A 


CL1.X1; V, = V 


Output leakage current, high 


>L0H 




3 


/"A 


v = v D0 


Output leakage current, low 


•lol 




-3 


/"A 


v = ov 



Output impedance (Note 1) 



Rcom 



Rs 



kn COM -COM 3 ; V D d = 4.5 to 6.0 V 



15 



kn COM0-COM3 



15 



20 



kO S0-S23; V DD = 4.5 to 6.0 V 



20 



60 



kf) 



S0-S23 



Supply voltage 



Vdddr 



2.0 



6.0 



Data retention mode 



Supply current 



>DD1 



Idddr 



300 



900 



M 



Normal operation, Vdd = 5 V ±10%; 
R = 82 kfi ±2%, C = 33 pF ±5% 





70 


300 


■lik 


Normal operation, V D d = 3 V ±10%; 
R = 160 kn ±2%, C = 33 pF ±5% 


IDD2 


1.0 


20 


M 


Stop mode, X1 = V; V D d = 5 V +10% 




0.3 


10 


/iA 


Stop mode, X1 = V; V D d = 3 V ±10% 



0.2 



10 



fjk Data retention mode, Vdddr = 20 V 



Note: 

(1) V LCD = 2.7VtoV DD 

V L CD1=V DD -(1/3)V LCD 

Vlcd2 = v DD - (2/3) v LCD 

V LCD3 = V DD - V LCD 
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DC Characteristics (cont) 

For V DD = 2.5 to 3.3 Volts 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.8 V DD 




Vdd 


V 


Except CL1.X1 




V|H2 


V DD - 0.3 




Vdd 


V 


CL1.X1 




VlHDR 


0-9 Vdddr 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 v DD 


V 


Except CL1.X1 




V|L2 







0.3 


V 


CL1.X1 


Output voltage, high 


VOH 


V D D " 0.5 






V 


Ioh = -80/uA 


Output voltage, low 


Vol 






0.5 


V 


l l_ = 350 / uA 


Output leakage current, high 


'loh 






3 


/"A 


v = v DD 


Output leakage current, low 


'lol 






-3 


/"A 


v = ov 


Supply voltage 


Vdddr 


2.0 






V 


Data retention mode 



Supply current 



Iddi 



50 



250 



//A 



Normal operation, Vdd = 3 V ± 10% ; 
R = 240 kn +2%, C = 33 pF ±5% 





35 


230 


A/A 


Normal operation, Vdd = 2-5 V; 
R = 240 kn ±2%, C = 33 pF ±5% 


IDD2 


0.3 


10 


A/A 


Stop mode, X1 = V; V DD = 3 V ±10% 




0.2 


10 


A/A 


Stop mode, X1 = 0V;V DD = 2.5 V 




'DDDR 



0.2 



A/A Data retention mode, Vdddr = 20 V 



Absolute Maximum Ratings 




Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-65to+150°C 


Power supply voltage, Vdd 


-0.3 to +7.0 V 


All input and output voltages 


-0.3 V to V DD + 03 V 


Output current high, Iqh 
Per pin 
Total, output ports 


-17 mA 
-20 mA 


Output current low, I l 
Per pin 
Total, output ports 


17 mA 
55 mA 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T A = 25°C,V DD = 0V 



Limits 
Symbol Typ Max Unit 



Test 
Conditions 



Input capacitance C| 



Output capacitance Cq 



I/O capacitance 



Cio 



15 



15 pF 



pF f = 1MHz; 

unmeasured pins 



returned to Vss 



15 pF 
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AC Characteristics 

For V DD = 2.7 to 6.0 Volts 

T A = -10to+70°C 



Parameter 



Limits 



Symbol 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock frequency 



Counter clock frequency 



SCK cycle time 



f CC 



150 


200 


240 


kHz 


V DD = 5 V ±10%; R = 82 kO ±2% (Note 1) 


75 


100 


120 


kHz 


V DD = 3 V ±10%; R = 160 kfi ±2% (Note 1) 


75 




135 


kHz 


R = 160 kO ±2% (Note 1) 


10 




410 


kHz 


CL1, external clock, 50% duty; V D d = 4.5 to 
6.0 V 







10 


125 


kHz 


CL1, external clock, 50% duty; V DD = 2.7 V 


System clock rise and fall 
time 


l CR> l CF 




0.2 


fjS 


CL1, external clock 


System clock pulse width 


tfJH. l CL 


1.2 


50 


MS 


CL1 , external clock; V DD = 4.5 to 6.0 V 




4.0 


50 


flS 


CL1, external clock; V DD = 2.7 V 



hx 



25 



32 



50 



kHz X1,X2, crystal oscillator 



410 



kHz 



X1, external pulse input, 50% duty; 
V DD = 4.5 to 6.0 V 










125 


kHz 


X1, external pulse input, 50% duty; 
V DD = 2.7V 


Counter clock rise and fall 
time 


txR. l XF 




0.2 


lis 


X1, external pulse input 


Counter clock pulse width 


l XH. *XL 


1.2 




us 


X1, external pulse input; Vqd = 4.5 to 6.0 V 




4.0 




IIS 


X1, external pulse input; Vqd = 2.7 V 



l KCY 



3.0 



lis SCK as input; V D o = 4.5 to 6.0 V 



8.0 



/is SCK as input 



4.9 



lis SCK as output; V D0 = 4.5 to 6.0 V 



16.0 



lis SCK as output 



SCK pulse width 



Note: 



l KH. l KL 



1.3 



lis SCK as input; V DD = 4.5 to 6.0 V 



4.0 



lis SCK as input 



2.2 



lis SCK as output; V D0 = 4.5 to 6.0 V 







8.0 




lis 


SCK as output 


SI setup time to SCK t 


l SIK 


300 




ns 




SI hold time after SCK t 


tKSl 


450 




ns 




SO delay time after SCK i 


l KS0 




850 


ns 


V DD = 4.5 V to 6.0 V 






1200 


ns 




INTO pulse width 


tlOH. t|0L 


10 




us 




INT1 pulse width 


t|1H. I I1L 


2/f 




/JS 




RESET pulse width 


l RSH. tRSL 


10 




/IS 




RESET setup time 


tSRS 







ns 




RESET hold time 


l HRS 







ns 





(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°c|s 60 ppm. 
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AC Characteristics (cont) 

For V DD = 2.5 to 3.3 Volts 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


fee 


50 




80 


kHz 


V DD = 5 V ±10%; R = 240 kn ±2% (Note 1) 




50 


64 


77 


kHz 


V D d = 2.5 V; R = 240 kfi ±2% (Note 1) 




k 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 


t-CR. to 






0.2 


AfS 


CL1, external clock 


System clock pulse width 


t-CH> l CL 


6.25 




50 


A/S 


CL1, external clock 


Counter clock frequency 


hx 


25 


32 


50 


kHz 


X1,X2, crystal oscillator 




k 







80 


kHz 


X1, external pulse input, 50% duty 


Counter clock rise and fall 
time 


tXR. tXF 






0.2 


us 


X1, external pulse input 


Counter clock pulse width 


l XH. *XL 


6.25 






/JS 


X1, external pulse input 


SCK cycle time 


t-KCY 


12.5 






(JS 


SCK as input 




25.0 






us 


SCK as output 


SCK pulse width 


l KH. *KL 


6.25 






us 


SCK as input 




11.5 






us 


SCK as output 


SI setup time to SCK t 


l SIK 


1 






us 




SI hold time after SCK t 


*KSI 


1 






us 




SO delay time after SCK i 


t-KSO 






2 


us 




INTO pulse width 


t|0H. t|0L 


30 






us 




INT1 pulse width 


t|1H. t|1L 


2/f 






us 




RESET pulse width 


t-RSH. tRSL 


30 






us 




RESET setup time 


tSRS 









ns 




RESET hold time 


l HRS 









ns 






Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°C|< 60 ppm. 

Recommended R and C Val ues for System 
Clock Oscillation Circuit 

T A = -10to+70°C 



Supply Voltage Range 


Recommended 
Values (Note 1) 


Frequency Range 


4.5 to 6.0 V 


R = 82 kn +2% 


150 to 240 kHz, 
200 kHz typical 


2.7 to 3.3 V 


R =160 kn ±2% 


75 to 120 kHz, 
100 kHz typical 


2.7 to 6.0 V 


R =160 kn + 2% 


75 to 135 kHz 


2.5 to 3.3 V 


R = 240 kn +2% 


50 to 80 kHz 


2.5 V 


R = 240 kn ±2 % 


50 to 77 kHz 



Note: 

(1) C = 33pF±5%,|AC/°C|<60ppm. 
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Timing Waveforms 

AC Test Points 
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2 Vdd 



0.8 Vdd 
0.2 Vdd 



X 



Clocks 
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1 f 



-tXF tXR— ► 



P 



V|H2 
t V|L2 



V|H2 
;V|L2 



Serial Interface 



« tKL H I- 'KH "H 
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Input Data I 



X 



Valid Output Data 



X 



External Interrupts 




Reset 




Data Retention 





■« Data Retention Mode ► 

\ Vdddr / 




Vdd 
RESET 


^ 


"" HtHRS 

r~>Hi 

V|L1\ 

83-003319A 




VlHDR 
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Operating Characteristics 



fc vs Vdd 



fx vs Vdd 
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212 
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Defined 




CT 
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Operating Voltage 
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Defined 






t, < t 2 : f X = J^ 




Operating Voltage 






2t 































Supply Voltage Vdd [V] 



Supply Voltage Vdd [V] 



Idd vs Vdd 



fee vs Vdd 
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o 
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>> 
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3 

o- 
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c 
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Supply Voltage Vdd [V] 



Supply Voltage Vdd [V] 



fee vs R 



fee vs Ta 
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!T A = 
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\ 


D 
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>t 










c 

3 
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C 

o 
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O 


"J 
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>> 


C = 33 pF 
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R = 240 kfi 



Operating Temperature Ta [°CJ 
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Operating Characteristics (cont) 



Iddi vs fee 



IDD1 vs Ta 











[Ta 


= 25°C] 


|CL1 CL2| 
f-A-W-l 








33 pF 


I 














Vdd = 5V 












Vdd=3V 









100 150 200 250 

System Clock Oscillation Frequency fee [kHz] 





















|CL1 CL2 




VDD = 


5 V, R = 82 kfl 


1— WV— ' 

33 pF ~ n 
fh 






















Vdd = 3V, R = 160kfi 



Operating Temperature Ta [ °C] 



lOH VS VOH 



Iol vs Vol 









[Ta = 25°C] 


Vdd = 6 V V 


/ Vdd = 5 V 


v D d = i v 


















V D d = 3V 








-Vdd = s 


.5 V 











Vdd = 6V 






[T A = 25°C] 




/V[)D = 4V 








Vdd = 5V 




Vdd = 3V 








.5 V 















High-Level Output Voltage Vqh [V] 



Low-Level Output Voltage Vol [V] 
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4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

WITH LCD CONTROLLER/DRIVER 



Description 

The //PD7502 and //PD7503 4-bit, single-chip CMOS 
microcomputers have advanced fourth-generation archi- 
tecture with the functional blocks necessary for a 
single-chip controller, including an 8-bit timer/event 
counter, an 8-bit serial I/O, and an LCD controller/ 
driver. 

The instruction set includes the following types of 
instructions: addressing, table look-up, bit manipu- 
lation, vectored dump, auto increment or decrement 
data pointer, and conditional skip. These instructions 
maximize use of fixed program memory space. 

Both devices are manufactured with the CMOS process 
and have a maximum power consumption of 900 //A at 
5 V and 300 //A at 3 V. Halt and stop modes further 
reduce power consumption. 

These devices are ideal for a wide range of solar- and 
battery-powered applications. 

Features 

□ 92 powerful instructions 

□ Program ROM 

— ,uPD7502: 2048 x 8-bit 

— a«PD7503: 4096 x 8-bit 

□ Data RAM 

— /7PD7502: 128 x 4-bit 

— //PD5703: 224 x 4-bit 

□ Interrupts 

— External: INTO, INT1 

— Internal: INTT (timer/event counter) 

I NTS (serial interface) 

□ 8-bit timer/event counter 

— Based on crystal oscillation 

— External event counter (prescale option by 64) 

□ Serial interface 

□ LCD controller/driver 

— Programmable multiplexing mode: triplex or 
quadruplex 

— 4 common lines (COM0-COM3) 

— 24 segment lines (S0-S23) 

□ Standby modes: stop, halt 

□ Data retention mode 

□ I/O ports 

— 3-bit input port 

— 4-bit input port 

— 4-bit output port 

— Two 4-bit I/O ports with 8-bit capability 

— 4-bit I/O port with each bit configurable as an 
input or output 



□ RC oscillation clock 

□ Crystal oscillation clock 

□ 2.7 to 6.0 V operating voltage 

□ CMOS technology 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


/yPD7502G-12 64-pin plastic miniflat 


410 kHz 


A/PD7503G-12 64-pin plastic miniflat 


410 kHz 



Pin Configuration 



NC 
P3 2 
P3i 
P3 
PO3/SI 
P02/SO 
PO1/SCK 
P63 
P62 
P61 
P6 
P5 3 
P5 2 
PSl 
P5o 
P43 
P42 
P41 
P4o 



S 

C 1 

C 2 

C 3 

C 4 

C 5 

n e 

c 7 

C 8 

n. 9 

c 10 
c 11 

C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C 18 
C 19 



o.o.a.a.Q.u>Oir±<o(0(o 

nnnnnnnnnnnnn 



64 63 62 61 60 59 58 57 56 55 54 53 52 



o 



//PD7502/03 



21 22 

TJTJ 



23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuu 



s s s z 

o o o o 
o o o o 



51 HS3 
50 DS 4 
49 DS 5 
48 HS 6 
47 HS7 
46 3Sb 
45 J Si 
44 HS10 
« DSn 
« HS12 
41 HS13 
40 HS14 
39 DS15 
38 HS16 
37 DS17 
36 lSis 
35 3S19 
34 DS20 
33 HS21 
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Pinl 


Identification 




No. 


Symbol 


Function 


1 


NC 


No connection 


2-4,64 


P3 3 -P3 


4-bit output port 3 


5-7 


P0 3 /Sl 
P0 2 /S0 
PO^SCK 


3-bit input port 0, or 
serial I/O interface 


8-11 


P63-P60 


4-bit I/O port 6 


12-15 


P5 3 -P5 


4-bit I/O port 5 


16-19 


P4 3 -P4 


4-bit I/O port 4 


20,21 


X2.X1 


Crystal clock/external event 
input port X 


22 


Vss 


Ground 


23-25 


VlCD3" V LCD1 


LCD bias supply inputs 


26,58 


V D D 


Positive power supply 


27-30 


COM3-COM0 


LCD backplane driver outputs 


31-54 


S23-S0 


LCD segment driver outputs 


55 


INT1 


External interrupt 


56 


RESET 


RESET input 


57,59 


CL1.CL2 


System clock input 


60-63 


P13-P11. 
P1 /INT0 


4-bit input port 1, or 
external interrupt INTO 



Status of Unused Pins 



Name 


Pin Connection 


CL2 


Open 


X1 


Vss 


X2 


Open 


POt/SCK 

P&2/S0 

PO3/SI 


V S s or Vqd 


PWINTO 


Vss 


PI1-PI3 


VssorV DD 


P3 -P3 3 


Open 


P4 -P4 3 
P5 -P5 3 
P60-P63 


Input mode: Vss ° r v od 
Output mode: Open 


INT1 


Vss 


S0-S23 
COM0-COM3 

Vlcdi-V|_CD3 


Open 
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Pin Functions 



PO3/SI, P0 2 /SO, POi/SCK [Port or Serial 
Interface] 

This port can be configured as a 4-bit parallel input 
port or as the 8-bit serial I/O interface under control 
of the serial mode select register. The serial interface 
consists of the serial i nput (SI), the serial output (SO), 
and the serial clock (SCK), which synchronizes data 
transfer. 

PI3-PI1, PVINTO [Port 1 or Interrupt] 

4-bit input port 1. Line P1o is shared with external 
interrupt INTO, which is a rising edge-triggered inter- 
rupt. 

P3 3 -P3 [Port 3] 

4-bit, latched three-state output port 3. 

P4 3 -P4 [Port 4] 

4-bit input or latched three-state output port 4. Can 
perform 8-bit I/O in conjunction with port 5. 

P5 3 -P5 [Port 5] 

4-bit input or latched three-state output port 5. Can 
perform 8-bit I/O in conjunction with port 4. 

P63-P60 [Port 6] 

4-bit input or latched three-state output port 6. The port 
6 mode select register configures individual lines as 
inputs or outputs. 

COM3-COM0 [LCD Backplane Driver Outputs] 

LCD backplane driver outputs. 

S23-S0 [LCD Segment Driver Outputs] 

LCD segment driver outputs. 



INT1 [Interrupt] 

This external interrupt is a rising edge-triggered 
interrupt. 

RESET 

A high-level input to this pin initializes the //PD7502/ 
7503. 

X2, X1 [Crystal Clock/External Event Input PortX] 

For crystal clock operation, connect a crystal oscillator 
circuit to input X1 and output X2. For external event 
counting, input external event pulses to X1 and leave 
X2 open. 

CL1, CL2 [System Clock Input] 

Connect an 82-kQ resistor across CL1 and CL2, and a 
33-pF capacitor from CL1 to Vss- Or, connect an 
external clock source to CL1 and leave CL2 open. 

Vlcd3-V|_cdi [LCD Bias Voltage Inputs] 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across Vqd- 

Vdd 

Positive power supply. For proper operation, apply a 
single voltage from 2.7 to 6.0 V. 

Vss 

Ground. 
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Block Diagram 



SCK/POi SI/PO3 

4 



1NT1 INTO/POo 



Count 

Clock 

Generator 



P 



Clock 
Control 



Timer/Event 
Counter 



Test 
Control 



(T () 



Serial 
Interface 



c= 



2 



7\ 



Program Counter 
[11] 7502, [12)7503 



H 



Program Memory 
2048 x 8 Bits [7502] 
4046 x 8 Bits [7503] 




o 



Instruction 
Decoder 










O 

O 


U — - c 


A(4) 


1 




General Registers 




D[4] J E[4] 




H [4] | L [4] 




Stack Pointer [8] 




O 




Data Memory 
128 x 4 Bits [7502] 
224 x 4 Bits [7503] 



t t 



System 

Clock 

Generator 



Standby 
Control 



■~L 



Port 
Buffer 



Port 1 
Buffer 



P10-P13 



O Port 4 
Latch 
Buffer 



Port 3 
Latch 
Buffer 



P3 -P3 3 



o 



Port5 
Latch 
Buffer 



o 



Port 6 
Latch 
Buffer 



P4rj-P43 
P5 -P5 3 

CO 

P60-P63 



LCD Controller/Driver 



CL1 CL2 



I I I 



"¥ ^r~w 



VDD 



V S S RESET 



S0-S23 



COMo-COM3 VLCD1. VLCD2. 

VLCD3 



See figures 1 through 8 for additional block diagram 
details. 



Figure 



Title 



1 

2 
3 
4 


Data Memory Map 
Program Memory Map 
Interface at Input/Output Ports 
Clock Control 


5 


Timer/Event Counter 


6 

7 


Interrupt Control 
Serial Interface 


8 


LCD Controller/Driver 
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Figure 1. Data Memory Map 



Figure 2. Program Memory Map 



Address 

[Decimal] 



23 
24 




Address 

[Hex] 
00H 

17H 
18H 




LCD Segment Data 
Storage Area 




//PD7502 
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128 




7FH 
80H 






AiPD7503 
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DFH 


83-003432 A 





? * 



Address 

[Decimal] 

MSB 



Address 

[Hex] 
LSB 



1023 
1024 



.2047 
2048 



6| 5 I 4 I 3 I 2 | 1 I I 000H " ESE "T. »*»"•» Y??« ors P ™? ram 
— I 1 — I — 1 — I — I — Execution to Address 00H 



INTT [Internal Timer/Event 
010H Counter Interrupt] Vectors 
Execution to 010H 

INTO/S [External Interrupt or 
020H Serial Interface Interrupt] 
Vectors Execution to 020H 

030H ,NT1 [ Ex,ernal Interrupt 1] 
Vectors Execution to 030H 



OCOH 

LHLT Instruction 
0CFH Reference Table 
0D0H CAL T Instruction 

_.—. . Reference Table 
0FFH 



3FFH 
400H 



7FFH 
800H 



Last Address for 
CALL Instruction 
Entry U'PD7503] 
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Figure 3. Interface at Input/Output Ports 
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Figure 4. Clock Control 
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Figure 6. Interrupt Control 
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Figure 7. Serial Interface 
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Figure 8. LCD Controller/Driver 
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Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vdd 


-0.3 to +7.0 V 


All input and output voltages 


-0.3 V to V DD + 0.3 V 


Output current high, Ioh 
Per pin 
Total, output ports 


-17 mA 
-20 mA 


Output current low, Iql 
Per pin 
Total, output ports 


17 mA 
55 mA 


Operating temperature, Topt 


-10 to +70 °C 


Storage temperature, Tstg 


-65to+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T A = 25°C;V DD = 0V 



Limits 



Parameter Symbol Min Typ Max 



Unit 



Test 
Conditions 



Input 
capacitance 



Output 
capacitance 



I/O 
capacitance 



C| 



Co 



C|0 



15 



pF f c = 1MHz 
Unmeasured 
pins returned to 
Vss 



PF 



PF 



DC Characteristics 

For V DD = 2.5 to 3.3 Volts 

T A = -10to+70°C 



Supply current 



'ddi 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.8 V DD 




Vdd 


V 


Except CL1.X1 




V IH2 


Vdd-0.3 




Vdd 


V 


CL1.X1 




VlHDR 


0-9 Vdddr 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 


o 




0.2 v DD 


V 


Except CL1.X1 




V|L2 







0.3 


V 


CL1.X1 


Output voltage, high 


VOH 


Vdd-0.5 






V 


Ioh = -80 /iA 


Output voltage, low 


Vol 






0.5 


V 


l L = 350//A 


Input leakage current, high 


•urn 






3 


M 


Except CL1,X1;V| N = V D d 




! LIH2 






10 


M 


CL1,X1;V| N = V DD 


Input leakage current, low 


'UL1 






-3 


M 


Except GL1.X1; V| N = V 




'LIL2 






-10 


M 


CL1.X1; V| N = 0V 


Output leakage current, high 


'loh 






3 


//A 


v = v DD 


Output leakage current, low 


•lol 






-3 


M 


V = OV 


Supply voltage 


Vdddr 


2.0 






V 


Data retention mode 



50 



250 



/iA 



Normal operation, Vqd = 3 V ± 10%; R 
= 240 kfi ±2%, C = 33 pF ±5% 





35 


230 


M 


Normal operation, V D d = 2.5 V; R = 240 
kfi ±2%, C = 33 pF ±5% 


>DD2 


0.3 


10 


/"A 


Stop mode, X1 = V; V DD = 3 V ±10% 




0.2 


10 


/^A 


Stop mode, X1 =0 V; V DD = 2.5 V 



'dddr 



0.2 



/iA 



Data retention mode, Vdddr = 2.0 V 
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DC Characteristics (cont) 

For V DD == 2.7 to 6.0 Volts 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.7 V DD 




Vdd 


V 


Except CL1.X1 




V IH2 


Vdd-0.5 




Vdd 


V 


CL1.X1 




V IHDR 


0-9VDDDR 




VdDOR + 0-2 




RESET, data retention mode 


Input voltage, low 


V|L1 







0.3 V DD 


V 


Except CL1.X1 




V|L2 







0.5 


V 


CL1.X1 


Output voltage, high 


V H 


Vqd ~ 1-0 






V 


loH = -1-0mA,V DD = 4.5to6.0V 






V DD - 0.5 






V 


I ol = -100aiA 


Output voltage, low 


Vol 






0.4 


V 


I l = 1.6 mA, Vqd = 4.5 to 6.0 V 








0.5 


V 


I O l = 400M 


Input leakage current, high 


'urn 






3 


M 


Except CL1,X1;V| = Vdd 




! LIH2 






10 


/"A 


CL1.X1 


Input leakage current, low 


'liu 






-3 


M 


Except CL1.X1; V|=0 V 




'LIL2 






-10 


M 


CL1, X1 


Output leakage current, high 


! LOH 






3 


//A 


v = v DD 


Output leakage current, low 


•lol 






-3 


/"A 


V = OV 




Output impedance (1) 



R COM 



Rs 



3 


5 


kfi 


COM -COM 3 ;V DD = 4.5to6.0V 


5 


15 


kfi 


C0M -C0M 3 


15 


20 


kfi 


S0-S23; Vdd = 4-5 to 6.0 V 



20 



60 



kO 



S0-S23 



Supply voltage 



Vdddr 



2.0 



6.0 



Data retention mode 



Supply current 



'DD1 



300 



900 



//A 



Normal operation, V D d = 5 V ± 10%; 
R = 82 kO ± 2%, C = 33 pF ± 5% 





70 


300 


*A 


Normal operation, V D d =3 V ± 10%; 
R = 160 kfi ± 2%, C = 33 pF ± 5% 


'DD2 


1.0 


20 


//A 


Stop mode, X1 = V; V D0 = 5 V ± 10% 




0.3 


10 


M 


Stop mode, X1 = V; V DD = 3 V ± 10% 



"DDDR 



0.2 



fjA Data retention mode, Vdddr = 20 V 



Note: 

(1) V LCD = 2.7 V to V DD 

V L CD1=V DD -(1/3)V LCD 
V LCD2 - V DD _ ( 2/3 ) V LCD 
V LCD3 = V DD _ V LCD 
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AC Characteristics 

For V DD = 2.7 to 6.0 Volts 

T A = -10to+70°C 



Limits 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock frequency 



fee 



150 


200 


240 


kHz 


V DD = 5 V ±10%; R = 82 kn ±2% (Note 1) 


75 


100 


120 


kHz 


V DD = 3 V ±10%; R = 160 kQ ±2% (Note 1) 


75 




135 


kHz 


R = 160 kfi ±2% (Note 1) 


10 




410 


kHz 


CL1, external clock, 50% duty; V d = 4.5 to 
6.0 V 







10 


125 


kHz 


CL1, external clock, 50% duty; V D d = 2.7 V 


System clock rise and fall 
time 


tCR. tfjF 




0.2 


jus 


CL1, external clock 


System clock pulse width 


tCH. tCL 


1.2 


50 


us 


CL1, external clock; V DD = 4.5 to 6.0 V 




4.0 


50 


us 


CL1, external clock; V D d = 2.7 V 



Counter clock frequency 



fxx 



25 



32 



50 



kHz X1, X2, crystal oscillator 



410 



kHz 



X1, external pulse input, 50% duty; 
V DD = 4.5to6.0V 










125 


kHz 


X1, external pulse input, 50% duty; 
V DD = 2.7V 


Counter clock rise and fall 
time 


l XR. l XF 




0.2 


/US 


X1, external pulse input 


Counter clock pulse width 


*XH. *XL 


1.2 




/IS 


X1 , external pulse input; Vnn = 4.5 to 6.0 V 




4.0 




/US 


X1, external pulse input; Vqd = 2.7 V 



SCK cycle time 



l KCY 



3.0 



/is SCK as input; V D d = 4.5 to 6.0 V 



8.0 



fis SCK as input 



4.9 



lis SCK as output; V DD = 4.5 to 6.0 V 



16.0 



/rs SCK as output 



SCK pulse width 



*KH. tKL 



1.3 



/js SCK as input; V DD = 4.5 to 6.0 V 



4.0 



/us SCK as input 



2.2 



/us SCK as output; V DD = 4.5 to 6.0 V 







8.0 




(XS 


SCK as output 


SI setup time to SCK t 


l SIK 


300 




ns 




SI hold time after SCK t 


tKSI 


450 




ns 




SO delay time after SCK i 


tKSO 




850 


ns 


V DD = 4.5 V to 6.0 V 






1200 


ns 




INTO pulse width 


t|0H. t|0L 


10 




/US 




INT1 pulse width 


t|1H.t|1L 


2/f 




/US 




RESET pulse width 


tRSH. tRSL 


10 




us 




RESET setup time 


tSRS 







ns 




RESET hold time 


tHRS 







ns 





Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°c|s 60 pprri. 



3-70 



NEC 



//PD7502/03 



AC Characteristics (cont) 

For V DD = 2.7 to 5.5 Volts 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


fee 


50 




80 


kHz 


V DD = 5 V ±10%; R = 240 kn ±2% (Note 1) 




50 


64 


77 


kHz 


V DD = 2.5 V; R = 240 kn ±2% (Note 1) 




fc 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 


t-CR. l CF 






0.2 


lis 


CL1, external clock 


System clock pulse width 


l CH. tCL 


6.25 




50 


/"S 


CL1, external clock 


Counter clock frequency 


*XX 


25 


32 


50 


kHz 


X1, X2, crystal oscillator 




fx 







80 


kHz 


X1, external pulse input, 50% duty 


Counter clock rise and fall 
time 


*XR. t-XF 






0.2 


/US 


X1, external pulse input 


Counter clock pulse width 


tXH. txL 


6.25 






/JS 


X1, external pulse input 


SCK cycle time 


tKCY 


12.5 






MS 


SCK as input 




25 






us 


SCK as output 


SCK pulse width 


*KH. *KL 


6.25 






us 


SCK as input 




11.5 






(JS 


SCK as output 


SI setup time to SCK t 


l SIK 


1 






us 




SI hold time after SCK t 


t-KSI 


1 






us 




SO delay time after SCK i 


l KS0 






2 


us 




INTO pulse width 


l IOH. t|0L 


30 






us 




INT1 pulse width 


t|1H. t|1L 


2/f 






us 




RESET pulse width 


tRSH. l RSL 


30 






us 





E 



Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°C|< 60 ppm. 

Recommended R and C Values for System 
Clock Oscillation Circuit 

T A = -10to+70°C 



Supply Voltage Range 


Recommended 
Values (Note 1) 


Frequency Range 


4.5 to 6.0 V 


R = 82 kfi ±2% 


150 to 250 kHz, 
200 kHz typical 


2.7 to 3.3 V 


R =160 kfi ±2% 


75 to 120 kHz, 
100 kHz typical 


2.7 to 6.0 V 


R =160 kfi+ 2% 


75 to 135 kHz 


2.5 to 3.3 V 


R = 240 kn ±2% 


50 to 80 kHz 


2.5 to 6.0 V 


R = 240 kO ±2 % 


50 to 85 kHz 



Note: 

(1 ) C = 33 pF ±5%,IAC/°CI< 60 ppm. 
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Timing Waveforms 

Timing Measurement Points 



External Interrupts 



VDD = 2.7 to 6.0 V 



X07 



VDD 
VDD 



0.7Vnn\rV~ 
»-3VddA 



VDD = 2.5 to 2.7 V 



XI 



1.8 Vdd 0.8 VDD 

T8S ' Points . „ „ 

2 Vpp 0.2 Vpp 



X 




Reset 



Clocks 




Serial Interface 









SCK ^ 




-tKL- 


" lw " 




-tKH 


—J 


1 








,' 


1 


\ 




■« tsiK » 


4*tKSI-» 








( Valid \ 
k Input Data / 






«-tKSO-» 






) 


( Valid Output Data 


X 








83-003316A 



KtSRS* I 



-Data Retention Mode- 
VDDDfl 



VlHDR 



VILA 

83-003319A 
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Operating Characteristics 



T A = 25°C 



fee vs Vdd 



fc vs Vdd 



I 400 
o 

•£? 300 
£ 250 

3 
O" 

£ 200 

u. 

I 150 













. 










|CL1 CL2| 








1— V\r\— ' 
33 pF == R 
/77 






R = 82 kO 
















R = 160 kfi 













"~"~- 








R = 240 kfi — 















I I 
H, t 2 






[T A = 25°C] 




-H h-H 








X 


-JT_TL 










o 


ti > t 2 : fc = 1 _Z^ 












2I 2 












S 






Defined 




V 


ti < t2: f c = J- 




Operating Voltage 




LL 


2ti 
















































O 


















E 






























































<n 

















Supply Voltage Vdd [V] 



fee vs R 





I 






















-Vdd = 5 

I 














[TA = 


= 25 U C 






















| CL1 CL2 | 

i — wv — ' 

33 pF dp R 


\ 





5 = 


= 3 V^S». 
























































VDD = 2.5V^i> 














X 





































































Supply Voltage Vdd [V] 



fx vs Vdd 



E 



I I 

«1. '2 






[Ta = 


25 °C] 














"_tl_tl 












ti > t2! fx = - 1 












2t2 
















Defined 






tl<t2:fx = ^L 




Operating Voltage 






21 































100 200 

Resistance R [kfi] 



Supply Voltage Vdd [V] 



fee vs Ta 



Idd vs Vdd 









VDD = SV, 
R = 82 kO 


















-|cL1 CL2|- 












Vdd = 3V, 
R = 160 kfi 


"J C 
























C = 33 pF 

AC/°C<60 ppm 






R = 240 kfi 




Operating Temperature Ta [ °C] 



Supply Voltage Vdd [V] 
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Operating Characteristics (cont) 



IDD1 vs fee 



lOH VS VOH 











[Ta 


= 25°C] 


| CM CL2| 








33 pF 


I 














V D D = 5V 












Vdd = 3V 









100 150 200 250 300 

System Clock Oscillation Frequency fee [kHz] 









[T A = 25°C] 


Vdd = 6 v/ 


Add = 5 v 


V D D = 4V 


















V D D=3V 








■ v D D = 2.5 V 









High-Level Output Voltage Vqh [V] 



IDD1 VSTa 



Iol vs Vol 





















|cL1 CL2 




Vdd = 


5 V, R = 82 kfi 


1— VW— ' 

33 pF d= R 
m 






















Vdd = 3 V, R = 160 kfi 



Vdd = 6V 






[T A = 25°C] 




> / Vdd = 4V 








-Vdd = 5V 




Vdd = 3V 






vdd = 2.5 v 











Operating Temperature Ta [ °C] 



Low-Level Output Voltage Vol [V] 
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//PD7506 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 



Description 

The/iPD7506 CMOS 4-bit single chip microcomputer 
has the //PD7500 series architecture. Twenty-two I/O 
lines are organized into the 2-bit input port 0, the 4-bit 
output port 2, and the 4-bit I/O ports 1 , 4, 5, and 6. The 
device executes 58 of the//PD7500 Set B instructions, 
and has a 5-yus instruction cycle time. The subroutine 
stack is implemented in RAM for greater nesting depth 
and flexibility. 

Due to the CMOS process, the device has a maximum 
power consumption of 600 //A at 5 V, and this is further 
reduced in halt and stop modes. 

Features 

D 1024 x 8-bit program ROM 

□ 64 x 4-bit data RAM 

□ 8-bit timer/event counter 

□ Two 4-bit general-purpose registers 

□ Two testable interrupts 

□ 5-yt/s instruction cycle/400 kHz external clock 

□ 600 /uA max current consumption 

□ 2 standby modes 

□ 22 I/O lines 



Ordering Information 




Part No. 


Package Type 


Max Frequency 
of Operation 


/iPD7506C 


28-pin plastic DIP 


410 kHz 


A/PD7506CT 


28-pin plastic shrink DIP 


410 kHz 


/uPD7506G-00 


52-pin plastic miniflat 


410 kHz 



Pin Configurations 

28-Pin Plastic DIPs 




28 3 Vss 

27 3 P4 2 

26 3 P4i 

25 3 P4o 

24 3 POo/INTO 

23 3 P5 3 

22 3 P52 

21 HP51 

20 3 pso 

19 3 P13 
18 3 P12 
17 DP11 
16 HP10 
15 3 RESET 



52-Pin Plastic Miniflat 



E 



1- 
2 l m 

O H 

h- <0 r- 

a. la >< 

o o SSzgoffffliSSo 
zza.a.a.a.za.a.a.a.a.z 


RBFlRmflflElflflfl 




f 52 51 50 49 48 47 46 45 44 43 42 41 40 > 




Ncrrr 


1 39 


JUJ NC 


Ncrrr 


2 n 

3 W 37 


XD NC 


CLUTT 


xn nc 


Ncrrr 


4 36 


XD X2 


CL2rrr 


5 35 


XTjnc 


Ncnn 


6 34 


XTJP43 


vdocee: 


7 ^PD7506 33 


XD Vdd 


RESET ITT 


8 32 


XTJnc 


P1oDX 


9 31 


XTJVss 


piidx 


10 30 


XP P4 2 


PI2ITX 


11 29 


XTJP41 


Ncm~ 


12 28 


XDNC 


NCITT 


13 27 
14 15 16 17 18 19 20 21 22 23 24 25 26 . 


TT1NC 


yyHyayayyyyyB 


zza.a.a.zzo!a.2^ zz 
"0 


a. 

83-003462A 
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Pin Identification 



28-Pin Plastic DIPs 



No. 


Symbol 


Function 


1, 25-27 


P4 3 -P4 


4-bit I/O port 4 


2 


X2 


External event input 


3 


P0 3 /X1 


Input port 0/Clock input 


4 


P2 /PSTB 


Output port 2/Output strobe 


5 


P2 1 /PT0UT 


Output port 2/Timer out F/F signal 


6-7 


P2 2 -P2 3 


Output port 2 


8-11 


P60-P63 


4-bit I/O port 6 


12, 13 


CL1.CL2 


System clock input 


14 


Vdd 


Positive power supply 


15 


RESET 


RESET input 


16-19 


P10-P14 


4-bit I/O port 1 


20-23 


P5 -P5 3 


4-bit I/O port 5 


24 


P0 /INT0 


Input portO/External Interrupt 


28 


Vss 


Ground 


52-Pin Plastic Miniflat 


No. 


Symbol 


Function 


3, 5 


CL1.CL2 


System clock input 


7, 33 


Vdd 


Positive power supply 


8 


RESET 


RESET input 


9-11, 16 


PI0-PI4 


4-bit I/O port 1 


16-18, 21 


P5 -P5 3 


4-bit I/O port 5 


23 


P0 /INT0 


Input port O/External interrupt 


24, 29, 30, 
34 


P4 -P4 3 


4-bit I/O port 4 


31 


Vss 


Ground 


36 


X2 


External event input 


41 


PO3/XI 


Input portO/Clock input 


42 


P2 /PSTB 


Output port 2/Output strobe 


43 


P2-|/PT0UT 


Output port 2/Timer out F/F signal 


44, 45 


P2 2 -P2 3 


Output port 2 


47-50 


P6 -P6 3 


4-bit I/O port 6 



1, 2, 4, 6, 
12-15, 19, 
20, 25-28, 
32, 35, 37-40, 
46, 51, 52 



NC 



No connection 



Pin Functions 

POo/INTO, PO3/XI [Port O] 

2-bit input port 0. Line POo is shared with external 
interrupt INTO. Line PO3 is shared with crystal clock/ 
external event input X1. Ground any unused pins. 

P1 -P1 3 [Port1] 

4-bit input port or three-state outp ut po rt. Output is 
strobed in synchronization with the PSTB pulse. Con- 
nect unused pins to Vss or Vdd- 



P2 /PSTB, P2VPTOUT, P2 2 , P2 3 [Port 2, Strobe, 
Timer F/F Output] 

4-bit latched, three-state output port. Line P 2p is 
shared with the port 1 output strobe pulse PSTB. Line 
P2i is shared with the timer out flip flop signal PTOUT. 
Leave unused pins open. 

P4 3 -P4 [Port 4] 

4-bit input or latched three-state output port. Can 
perform 8-bit parallel I/O in conjunction with port 5. In 
input mode, connect unused pins to Vdd or Vss- In 
output mode, leave unused pins open. 

P5 3 -P5 [Port 5] 

4-bit input or latched three-state output port. Can 
perform 8-bit parallel I/O in conjunction with port 4. In 
input mode, connect unused pins to Vss or Vdd- m 
output mode, leave unused pins open. 

P63-P60 [Port 6] 

4-bit input or latched three-state output port. The port 
6 mode select register (MSR) configures individual 
lines as inputs or outputs. In input mode, connect 
unused pins to Vss or v dd- In output mode, leave 
unused pins open. 

CL1, CL2 [System Clock Input] 

Connect a 1 20-kQ resistor across CL1 and CL2, and a 
33-pF capacitor from CL1 to Vss- Or, connect an 
external clock source to CL1 and leave CL2 open. 

X2, X1 [Crystal Clock/External Event Input] 

For crystal clock operation, connect a crystal oscillator 
circuit to input X1 and output X2. For external event 
counting, connect external event pulses to input X1 
and leave X2 open. If XI is not used, connect it to Vss- If 
X2 is not used, leave it open. 

RESET 

A high level input to this pin initializes the//PD7506. 
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Vdd 

Positive power supply. For proper operation, apply a 
single voltage from 2.7 to 6.0 V. 

Vss 

Ground. 



Block Diagram 



Count 

Clock 

Generator 



P 



Clock 
Control 



Timer/Event 
Counter 



L 



Interrupt 
Controller 



Program Counter (10) 



Program Memory 
1024 x 8 Bits 



LA 



System 

Clock 

Generator 

TT 

CL1 CL2 



Standby 
Control 



7^ 




Instruction 
Decoder 



! t I 



vdd 



Vss RESET 



A(4) 



[General Registers] 



Stack Pointer (6) 



o 



Data Memory 
64 x 4 Bits 



o 



Port 
Buffer 



POo/INTO, 
PO3/XI 



o 



Port 1 
Buffer 



P10-P13 



o 



Port 2 
Latch 
Buffer 



P4 -P4 3 

Port 4 yl K. 

Latch ( 4 "> 
Buffer N — V 



w 



Port 5 
Latch 
Buffer 



P5o-P5 3 



a Port 6 
Latch 
Buffer 



<A> 



E 
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Clock Control Circuit 

This circuit consists of a 4-bit clock mode register 
(CMR), prescalers 1 and 2, and a multiplexer, as shown 
in figure 1. The circuit selects the clock source, accepts 
output from the system clock oscillator (CL) and count 
clock generator circuit (X), divides the signal according 
to the setting in the CMR, and outputs the count pulse 
(CP) to the timer/event counter. 

The OP or OPL instruction sets the CMR as defined by 
table 1 . Before loading the CMR, it is necessary to clear 
bit 2 of the accumulator (A2) to zero. 



Table 1. 


Selecting the Count Pulse Frequency 


CM) 


CMo 


Frequency Selected 








CL/256 





1 


X/64 


1 





X 


1 


1 


X 




CM3 




TOUT Signal 







Disabled 


1 




Enabled 



Figure 1. Clock Control Circuit 



Iz 



To Timer 
Event Counter 



System Clock 
Oscillator 



I 



Prescaler 1 
(1/4) 



Clock Mode Register 




— |f-Iv\^ X2 



Prescaler 2 
(1/64) 




(Timer/Event Counter) 



Crystal Clock Oscillator/ 
Event Counter Input 
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Timer/Event Counter 

The timer/event counter consists of an 8-bit count 
register, an 8-bit modulo register, an 8-bit comparator, 
and a timer out flip flop, as shown in figure 2. 

The count register is a binary up-counter that in- 
crements each time a count pulse is input. The TIMER 
instruction, a RESET signal, or an INTT coincidence 
signal clears it to 00H. When an overflow occurs, the 
counter is reset from FFH to 00H. 



The modulo register determines the number in the 
count register. The TAMMOD instruction sets the 
contents of the modulo register. On reset, its contents 
are FFH. 

The comparator compares the contents of the count 
register and the modulo register; when equal, the 
comparator outputs INTT. 



Figure 2. Timer/Event Counter 



TAMMOD 
Instruction Execution 



8-Bit Modulo Register 



8-Bit Comparator 



Counter Pulse 
[from Clock Control Circuit] - 



8-Bit Counter Register 



Timer 
Out F/F 



-»■ INTT [Coincidence] 



TIMER 
Instruction 
Execution or 
RESET Pulse - 



13 1 J 



PTOUT 

[to P2-I/PTOUT Pin] 



E 
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Interrupts 

The//PD7506 has two interrupts, INTT and INTO. INTT 
is internally generated by the timer/event counter. 
INTO is externally generated. See figure 3. 

System Clock and Timing Circuitry 

Timing for the^/PD7506 is internally generated except 
for a frequency reference, which can be an RC circuit 
or an externa! clock source. Connect the frequency 
reference to the on-chip oscillator for the feedback 
phase-shift required for oscillation. Figure 4 shows the 
connection for an RC circuit. Figure 5 shows the 
connection for an external clock source. 

Table 2 compares stop and halt modes. The main 
difference is that stop mode stops the system clock; 
halt does not. 



Table 2. 


Stop and Halt Modes 








Mode 


CL <p 


X 


CPU 


Timer 


Stop 


X X 





X 


A 


Halt 


X 





X 






o: operates 
x: stops 

A: external clock source: operates 
internal clock source: stops 



Figure 3. fiPD7506 Interrupts 



| SM3 | 



IE 



Test RQF 
Control 



Nonsync 
Edge Gate 



pr> 



INTT 

R RQF 



S INTO 
R "OF 



'Instruction Execution 



Figure 4. RC Circuit Connection 



Figure 5. External Clock Source Connection 









CL1 

0PD75O6 
CL2 


"I 




83-003780A j 







External 


CL1 

AIPD7506 
CL2 


Source 






83-003781 A 
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I/O Pin Configurations 

Figure 6 shows the different input and output con- 
figurations. 

Figure 6. Interface at Input/Output Ports 



Type A 
PO3/XI 



#1 



-o Input 



Type B 
POo/INTO, RESET 



JJ 




-o Input 



Type D 

P20/PTSB, P21/PTOUT, P22, P23 

VDD 



P-ch 

FDHE 



Output 
Disable 



) Output 



N-ch 



VSS 



TypeE 
P60-P63, P50-P53, P40-P43, P10-P13 



Output 
Disable 



& 



P-ch 

FDHP 



tOHE 



N-ch 
VDD Vss 



3h 

1 ■ I P- 

N-ch 
Vss 



Input/ 
Output 
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Absolute Maximum Ratings 

T A = 25°C 



Operating temperature, Topj 


-10 to 70 °C 


Storage temperature, Tstg 


-65to150°C 


Power supply voltage, Vnn 


-0.3 to +7.0 V 


Total, input and output voltages 


0.3 to V DD + 0.3 V 


Output current high, Iqh 
Per pin 
Ports 2, 6 
Ports 1,4, 5 


-17 mA 
-17 mA 
-20 mA 


Output current low, Iol 
Per pin 

Ports 2, 6; P4 3 
Ports1,5;P4 -P4 2 


17 mA 
25 mA 
25 mA 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T a = 25°C;V D d = 0V 










Limits 


Unit 


Test 


Parameter Symbol 


Typ Max 


Conditions 


Input capacitance C| 


15 


PF 


f c = 1 MHz 


Output capacitance Co 


15 


PF 


Unmeasured pins 
returned to Vss 


I/O capacitance C|q 


15 


PF 



DC Characteristics 

For V DD = 2.7 to 6.0 V 

T A = -10to+70°C 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Input voltage, high 


Vim 


0.7 V DD 


Vdd 


V 


Except CLT, X1 




V|H2 


VoD-0.5 


Vdd 


V 


CL1.X1 




V IHDR 


0.9V DDDR 


VDDDR + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 





0-3 V DD 


V 


Except CL1.X1 




V|L2 





0.5 


V 


CL1.X1 


Output voltage, high 


VOH 


Vdd-1-0 




V 


Ioh = -1.0 mA; V D d = 4.5 to 6.0 V 




V DD -0.5 




V 


Iol = -100 M 


Output voltage, low 


Vol 




0.4 


V 


Iql = 1.6 mA; V D d = 4.5 to 6.0 V 






0.5 


V 


Iql = 400 //A 


Input leakage current, high 


lum 




3 


A/A 


Except CL1,X1;V| = V DD 




•LIH2 




10 


M 


CL1,X1;V| = V dd 


Input leakage current, low 


'liu 




-3 


//A 


Except CL1,X1;V| = 10 V 




'LIL2 




-10 


//A 


CL1.-X1; V| = 10V 


Output leakage current, high 


'loh 




3 


/"A 


v = v DD 


Output leakage current, low 


'lol 




-3 


/"A 


V o = 0V 


Supply voltage 


v D0DR 


2.0 




V 


Data retention mode 



Supply current 



'DD1 



>DD2 



200 


600 


M 


Normal operation, V D d = 5 V +10%; R = 120 
kfi ±2%, C = 33 pF ±5% 


50 


180 


M 


Normal operation, V D d = 3 V ±10%; R = 240 
kO ±2%, C = 33 pF ±5% 


1.0 


10 


M 


Stop mode, X1 = V; V D d = 5 V ±10% 



0.3 



nk Stopmode,X1=0V;V DD = 3V±10% 



'dodr 



0.2 



iik Data retention mode, Vqddr - 2.0 V 
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DC Characteristics (cont) 

For Vqd = 2.5 to 3.3 V 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.8 V DD 




Vdd 


V 


Except CL1.X1 




V IH2 


Vdd-0.3 




Vdd 


V 


CL1.X1 




V IHDR 


0.9V D DDR 




VdODR + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 V DD 


V 


Except CL1.X1 




V|L2 







0.3 


V 


CL1.X1 


Output voltage, high 


V H 


Vdd-0.5 






V 


I OH = -80a/A 


Output voltage, low 


Vol 






0.5 


V 


Iql = 350 a»A 


Input leakage current, high 


V LIH1 






3 


M 


Except CL1, X1; V| = V 0D 




V UH2 






10 


//A 


CL1.X1; V| = V DD 


Input leakage current, low 


Vuu 






-3 


/"A 


Except CL1.X1; V| = 0V 




V LIL2 






-10 


/*A 


CL1,X1;V, = 0V 


Output leakage current, high 


•loh 






3 


M 


v = v D0 


Output leakage current, low 


'lol 






-3 


/"A 


v = ov 


Supply voltage 


V ODDR 


2.0 






V 


Data retention mode 



E 



Supply current 



■ddi 


35 


150 


M 


Normal operation, V DD = 3 V ±10%; 
R = 390 kn ±2%, C = 33 pF ±5% 




25 


130 


//A 


Normal operation, Vqd = 2.5 V; 
R = 390 kfl ±2%, C = 33 pF ±5% 


■dD2 


0.3 


5 


M 


Stop mode, X1 = V; V DD = 3 V ±10% 




0.2 


5 


M 


Stop mode, X1 = V; V DD = 2.5 V 



"DDDR 



0.2 



f/A Data retention mode, Vddor = 20 V 
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AC Characteristics 

For V DD = 2.7 to 6.0 V 

T A = -10to+70°C 



Limits 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock frequency 



fee 



150 


200 


240 


kHz 


V DD = 5 V ±10%; R = 120 kQ ±2% (Note 1) 


75 


100 


120 


kHz 


V DD = 3 V +10%; R = 240 ko ±2% (Note 1) 


75 




135 


kHz 


R = 240kn±2%(Note1) 


10 




410 


kHz 


CL1, external clock, 50% duty; V DD = 4.5 to 
6.0 V 



10 



125 



kHz CL1, external clock, 50% duty; V 0D = 2.7 V 



System clock rise and fall 
time 


tCR. tCF 




0.2 


/JS 


CL1, external clock 


System clock pulse width 


tCH. *CL 


1.2 


50 


(IS 


CL1, external clock; V DD = 4.5 to 6.0 V 




4.0 


50 


(IS 


CL1, external clock; V DD = 2.7 V 



Counter clock frequency 



f xx 



25 



32 



50 



kHz X1.X2, crystal oscillator 



410 



kHz 



X1, external pulse input, 50% duty; 
V DD = 4.5to6.0V 










125 


kHz 


X1, external pulse input, 50% duty; 
V DD = 2.7V 


Counter clock rise and fall 
time 


l XR. l XF 




0.2 


MS 


X1, external pulse input 


Counter clock pulse width 


l XH. l XL 


1.2 




(IS 


X1, external pulse input; Vqd = 4.5 to 6.0 V 




4.0 




(JS 


X1, external pulse input; Vno = 2.7 V 


Port 1 output set-up time to 
PSTB t 


IPST 


1/(2f -8OO) 




ns 


V DD = 4.5 to 6.0 V 


1/(2f CC -2.0) 




ns 




Port 1 output hold time after 
PSTBt 


l STP 


100 




ns 


V DD = 4.5 to 6.0 V 


100 




ns 




PSTB pulse width 


tsWL 


1/(2^-800) 




ns 


V DD = 4.5 to 6.0 V 




1/(2f CC -2.0) 




ns 




INTO pulse width 


1 I0H. tlOL 


10 




(JS 




RESET pulse width 


tRSH. t-RSL 


10 




(JS 




RESET setup time 


*SRS 







ns 




RESET hold time 


*HRS 







ns 





Note: 



(1) RC network at CL1 and CL2; C = 33 pF +5%,|AC/°C|< 60 ppm. 
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AC Characteristics (cont) 

For V DD = 2.7 to 3.3 V 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


fee 


50 




80 


kHz 


R = 310kQ+2%(Note1) 




50 


64 


77 


kHz 


V DD = 2.5 V; R = 310 kn ±2% (Note 1) 




k 


10 




80 


kHz 


CL1, external clock 


System clock rise and fall 
time 


l CR. l CF 






0.2 


fjS 


CL1, external clock 


System clock pulse width 


tCH. l CL 


6.25 




50 


us 


CL1, external clock 


Counter clock frequency 


f XX 


25 


32 


50 


kHz 


X1, X2, crystal oscillator 




fx 







80 


kHz 


X1, external pulse input, 50% duty 


Counter clock rise and fall 
time 


*XR> l XF 






0.2 


fj& 


X1, external pulse input 


Counter clock pulse width 


t-XH> l XL 


6.25 






MS 


X1, external pulse input 


Port 1 output set-up time to 
PSTB t 


tpST 


1/(2f CC -2) 






ns 




Port 1 output hold time after 
PSTB t 


tSTP 


100 






ns 




PSTB pulse width 


t-SWL 


1/(2f CC -2) 






ns 




INTO pulse width 


tlOH. tlOL 


30 






MS 




RESET pulse width 


tRSH- l RSL 


30 






MS 




RESET setup time 


tSRS 









ns 




RESET hold time 


tHRS 









ns 





Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°C|< 60 ppm. 

Recommended R and C Values for System 
Clock Oscillation Circuit 

T A = -10to+70°C 



Supply 
Voltage Range 




Recommended 
Values 


Frequency Range 


4.5 to 6.0 V 


R = 


= 120 kn ±2% 


150 to 250 kHz, 
200 kHz typical 


2.7 to 3.3 V 


R = 


= 240 kn ±2% 


75 to 120 kHz, 
100 kHz typical 


2.7 to 6.0 V 


R = 


= 240 kO± 2% 


75 to 135 kHz 


2.5 to 3.3 V 


R = 


= 390 kn +2% 


50 to 80 kHz 


2.5 to 6.0 V 


R = 


= 390 kn ±2 % 


50 to 85 kHz 



E 
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Timing Waveforms 

Timing Test Points 





Vdd 


= 2.7 to 6.0 V 




Wd.7 Vdd 

Ao.3Vdd 




Test Points 


0.7 Vdd W 
0.3 Vdd A 




vdd 


= 2.5 to 2.7 V 




A 0.2 vdd 




Test Points 


0.8 Vdd \/ 

0.2 Vdd A 


83-003314A 



Clocks 




External Interrupt 



Output Strobe 



— t 



Output Data 



3- 




Reset 




Data Retention Mode 








« Data Retention Mode ► 

^ VDDDR \ t 




vdd p^f; 


• HtHRS 

V'H1 
V|Ll\ 

83-003319A 


RESET T 


VlHDR 





/ 
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Operating Characteristics 

T A = 25°C 



fee vs Vdd 



fc vs Vdd 











A = 25°C] 










| CL1 CL2 | 

HWV-I 






R = 82 kO 


33 pF : 


r 






R = 160 kO 










— ■ 


















R = 240kn 















^ 










IT A = 


25°C] 


«_n_n_ 












•1>I2:'C= 1 












2t 2 

tl < t 2 : lc = 1- 

211 




Defined 
Operating Voltag 


e 



















g 200 



Supply Voltage Vdd [V] 



fee vs R 





| 






















-Vdd =5 














[Ta = 


= 25°C 






















|cL1 CL2| 

|-VvV-l 
33 pF djZ R 

/h 


\ 


D 


3 = 


= 3V ^^V 
























































Vdd = 2SV"^^S 














X 





































































Supply Voltage Vdd [V] 



fx vs Vdd 



E 





1 1 
H t 2 






[T A = 25°C) 


I 


-H l*-H 








>< 


r -_TLn_ 










c 


«1 > t 2 : fx = 1 /"" 










o - 


2t 2 












£ 






Defined 




— 


11 < t2: »X = -1- 




Operating Voltage 




a 

c 


2tl 












.* 


















o 




































V 








































































O 



















100 200 

Resistance R [kO] 



Supply Voltage Vdd [V] 



fee vs Ta 



Idd vs Vdd 



o 200 









Vdd = 5V, 
R = 82 kfi 


















-|CL1 CL2|- 

i— vw-J I 












Vdd = 3V, 
R = 160 kQ 


















C = 33 pF 
AC/°C <60 ppm 






R = 240 kO 




Operating Temperature Ta [°C] 



Supply Voltage V D d [V] 
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Operating Characteristics (cont) 



IDD1 VS fee 



lOH VS VOH 











[Ta 


= 25°C) 


|CL1 CL2| 
|-VA— ' 








33 pF 


J, 














V D D = 5V 












V D D = 3 V 









50 100 150 200 250 300 

System Clock Oscillation Frequency fee [kHz] 



< -5 

E, 

X 

o 

Z -4 

c 

3 

I- 
a 

3 

o 

■3 -2 

_» 








[T A = 25°C] 


VDD = 6 V / 


Add = 5 v 


V D D = 4V 


















Vdd = 3V 








Vdd = 2.5 V 


I 1 











High-Level Output Voltage Vqh [V] 



IDD1 vsTa 



Iol vs Vol 



























|cL1 CL2 




V D D = 


5 V, R = 82 kC5 




1— WV— I 

""I " 












1 
















VDD = 3 V, R = 160kO 

i 



V D D = 6V 






[Ta = 25°C] 




y/VDD = 4V 






//*y 


-Vdd = 5V 




V D D = 3V 








5V 















Operating Temperature Ta [°C] 



Low-Level Output Voltage Vol IV] 
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//PD7507/08 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The /iPD7507 and /iPD7508 4-bit, single-chip CMOS 
microcomputers have thejuPD7500 series architecture. 
The subroutine stack is implemented in RAM for 
greater nesting depth and flexibility. 

Thirty-two I/O lines are organized into eight 4-bit 
ports: input port/serial interface port 0, output ports 2 
and 3, and I/O ports 1, 4, 5, 6, and 7. 

The //PD7507 and juPD7508 execute 92 instructions of 
the //PD7500 series A instruction set with a 5-//s 
instruction cycle time. 

Maximum power consumption is 900 yuA at 5 V, less in 
the HALT and STOP low-power modes. 

The a<PD75CG08 is a piggyback EPROM prototyping 
chip that is pin-compatible with£(PD7507 and/uPD7508. 
A 2716 inserted into the top of the/uPD75CG08 emulates 
the //PD7507's ROM. A 2732 emulates the J uPD7508's 
ROM. When emulating the /uPD7507, the user must 
take care to use only the first 128 RAM locations. 
Although the//PD7507 and//PD7508 can operate over 
a range of 2.5 to 5.5 V, //PD75CG08 operation is limited 
to 5 V +10%. 

Table 1 summarizes the differences among /7PD7507, 
/UPD7508 and //PD75CG08. 

Table 1. Features Comparison 





//PD75CG08 


pPD7507/7508 


Program memory 


2K x 8 EPROM (2716) 
4K x 8 EPROM (2732) 


2K x 8 masked ROM (7507) 
4K x 8 masked ROM (7508) 


Data memory 


224x4 


128 x 4 (7507) 
224 x 4 (7508) 


Data retention 
mode 


No 


Yes 


Power supply 


5 V ±10% 


2.7 to 6.0 V 


Package types 


40-pin ceramic 
piggyback DIP 


40-pin plastic DIP 
40-pin plastic shrink DIP 
52-pin plastic miniflat 



Features 

□ Single chip microcomputer 

□ Program ROM 

— //PD7507: 2048 x 8-bit 

— //PD7508: 4096 x 8-bit 

— A/PD75CG08: piggyback EPROM 

□ Data RAM 

— //PD7507: 128 x 4-bit 
— //PD7508: 224 x 4-bit 
— /7PD75CG08: 224 x 4-bit 

□ 8-bit timer/event counter 

□ Four 4-bit general purpose registers 

□ Four vectored, prioritized interrupts 

□ Executes 92 instructions of J/PD7500 series A 
instruction set 

□ 5 /us instruction cycle/400 kHz external clock 

□ Two standby modes 

□ 32 I/O lines 

□ Low-power HALT and STOP modes 



E3 



Ordering Information 




*Part Number 


Package Type 


Max Frequency 
of Operation 


//PD7507C 


40-pin plastic DIP 


410 kHz 


//PD7507CU 


40-pin plastic shrink DIP 


410 kHz 


A<PD7507G-00 


52-pin plastic miniflat 


410 kHz 


A/PD7508C 


40-pin plastic DIP 


410 kHz 


//PD7508CU 


40-pin plastic shrink DIP 


410 kHz 


//PD7508G-00 


52-pin plastic miniflat 


410 kHz 


A,PD75CG08E 


40-pin ceramic piggyback DIP 


410 kHz 



* A 3-digit mask identification code is added to the part number by 
NEC at the time of code verification. 
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Pin Configurations 

40-Pln Plastic DIP and Plastic Shrink DIP 



52-Pin Plastic Miniflat 













x 2 C 


1 v. 


J 40 


3X^ 


P20/PSTB C 


2 


39 


3 V S S 




P21/PT0UT C 


3 


38 


3 P4 3 




P2 2 C 


4 


37 


3 P4 2 




P23C 


5 


36 


3 P*1 




P10 C 


6 


35 


3 P4 




P11 C 


7 


34 


3 P5 3 




P12C 


8 


33 


3 P52 




P13C 


80/ 


3 P51 




P3oC 


10 g 31 


3 P5o 




P31 C 


11 Q 30 


3 P63 




P32C 


12 


1 29 


3 P62 




P33C 


13 


28 


D P61 




P7oC 


14 


27 


3 P60 




P7i C 


15 


26 


3 PO3/SI 




P72C 


16 


25 


3 P02/SO 




P73C 


17 


24 


H PO1/SCK 




RESET C 


18 


23 


3 POo/INTO 




CL1 C 


19 


22 


D INT1 




VDDC 


20 


21 


3 CL2 


83-003454A 













Q.ao.Q.a.a.CLZa.aQ.Q.Z 

RRRRRRRRRRRRR 




nc rrr 


f 52 51 50 49 48 47 46 45 44 43 42 41 40 N 
1 39 


Tn P23 


P73nr 


2 n 

3 \J 37 


ID P22 


RESET nH 


TTI P21/PTOUT 


nc nr 


4 36 


TTI P2 /PSTB 


cli nr 


5 35 


ID NC 


nc or 


6 34 


TTI X2 


v D d or 


7 0PD75O7/O8 33 


m vdd 


nc or 


8 32 


TTI X1 


cl2 nr. 


9 31 


TTI Vss 


inti nr 


10 30 


TTI P4 3 


poo/into rrr 


11 29 


~m nc 


poi/sck nr 


12 28 


TTI P4 2 


nc or 


13 27 
v 14 15 16 17 18 19 20 21 22 23 24 25 26 J 


TTI NC 




z»^a.a.S.o.aua.a.aaa- 

s ? 
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40-Pin Ceramic Piggyback DIP 




Pin Identification 



40-Pin DIP, Shrink DIP and Piggyback DIP 



No. 


Symbol 


Function 


1,40 


X2.X1 


Crystal clock/external event input port 


2-5 


P2 /PSTB, 
P2 1 /PT0UT, 
P2 2 , P2 3 


Output port 2/output strobe pulse, 
timer out F/F signal 


6-9 


P10-P13 


I/O port 1 


10-13 


P3 -P3 3 


Output port 3 


14-17 


P7 -P7 3 


I/O port 7 


18 


RESET 


RESET input 


19,21 


CL1.CL2 


System clock inputs 


20 


Vdd 


Positive power supply 


22 


INT1 


External interrupt 



23-26 



POo/INTO, 
PO1/SCK, 
P0 2 /S0, 
PO3/SI 



Input port O/external interrupt, serial 
I/O interface 



27-30 


P60-P63 


I/O port 6 


31-34 


P5 -P5 3 


I/O port 5 


35-38 


P4 3 -P4 


I/O port 4 


39 


Vss 


Ground 
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Pin Identification (cont) 

28-Pin EPROM Socket on Piggyback DIP 



Pin Functions 



No. 


Symbol 


Function 


1,2 


NC 


Not connected 


3-10 


A 7 -A 


Address bits 7-0 


11-13 


l -l 2 


Data bits 0-2 


14,22 


Vss 


Ground 


15-19 


I3-I7 


Data bits 3-7 


20 


CE 


Chip Enable 


21,23 


A10-A11 


Address bits 10, 11 


24,25 


Ag,A 8 


Address bits 9, 8 


26,28 


Vdd 


Positive power supply 


27 


MSEL 


Memory select 


52-Pin Miniflat 


No. 


Symbol 


Function 


1,4,6,13, 
14, 27, 29, 
35, 40, 45 


NC 


Not connected 


2, 50-52 


P7 -P7 3 


I/O port 7 


3 


RESET 


RESET input 


5,9 


CL1, CL2 


System clock inputs 


7 


Vdd 


Positive power supply 


10 


INT1 


External interrupt 


11,12, 
15,16 


P0 /INT0, 
POi/SCK, 
P0 2 /SO, 
PO3/SI 


Input port 0/external 
interrupt, serial I/O 
interface 


17-20 


P60-P63 


I/O port 6 


21-24 


P5 -P5 3 


I/O port 5 


25,26 
28,30 


P4 3 -P4 


I/O port 4 


31 


Vss 


Ground 


32,34 


X1.X2 


Crystal clock/external 
event input 


33 


Vdd 


Positive power supply 


36-39 


P2 /PSTB, 

P2 1 /PTOUT, 

P2 2 ,P2 3 


4-bit output port 2/output 
strobe pulse, timer out 
F/F signal 


41-44 


P10-P13 


I/O port 1 


46-49 


P3 -P3 3 


Output port 3 



POo/INTO, PO1/SCK, P0 2 /SO, PO3/SI [Port 0/ 
External Interrupt, Serial Interface] 

4-bit input port/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O interface under control of the serial mode 
select register. The serial inpu t SI, serial output SO 
(active low), and the serial clock SCK (active low), used 
for synchronizing data transfer, make up the 8-bit 
serial I/O interface. Line P0rj is always shared with 
external interrupt INTO, a rising edge-triggered inter- 
rupt. If PO p/INT O is unused, it should be connected to 
V ss . If POySCK, POySO, or PO3/SI are unused, connect 
them to Vss or Vdd- 

P10-Pl3[Port1] 

4-bit input/three-state output port. Data output to port 1 
is strobed in synchronization with a P2rj/PSTB pulse. 
Connect unused pins to V ss or Vdd- 




P2 /PSTB, P2 1 /PTOUT, P2 2 , P2 3 [Port 2] 

4-bit latche d three-state output port. Line P2q is shared 
with PSTB, the port 1 output strobe pulse. Line P2-| is 
shared with PTOUT, the timer out F/F signal. Leave 
unused pins open. 

P3 -P3 3 [Port 3] 

4-bit latched three-state output port. Leave unused pins 
open. 

P4o-P43 [Port 4] 

4-bit latched three-state output port. Can also perform 
8-bit parallel I/O with port 5. In input mode, connect 
unused pins to Vdd or GND. In output mode, leave 
unused pins open. 

P53-P5 [Port 5] 

4-bit input/latched three-state output port. This port 
also performs 8-bit parallel I/O with port 4. In input 
mode, connect unused pins to Vss ° r v dd- ' n output 
mode, leave unused pins open. 

P63-P60 [Port 6] 

4-bit input/latched three-state output port. The port 6 
mode select register configures individual lines as 
inputs or outputs. In input mode, connect unused pins 
to Vss ° r v dd- I n output mode, leave unused pins open. 
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P7 -P7 3 [Port 7] 

4-bit input/latched three state output port. In input 
mode, connect unused pins to Vss or V DD . In output 
mode, leave unused pins open. 

X2, X1 [Crystal Clock/External Event Input] 

For crystal clock operation, connect a crystal oscillator 
circuit to input X1 and output X2. For external event 
counting, input external event pulses to input X1 while 
leaving output X2 open. If X1 is not used, leave it open. 
If X2 is not used, connect it to ground. 

CL1, CL2 [System Clock Input] 

Connect a 120 kQ resistor across CL1 and CL2, and 
connect a 33 pF capacitor from CL1 to Vss- Alter- 
natively, connect an external clock source to CL1 and 
leave CL2 open. If CL1 is unused, connect it to Vss- 



RESET [Reset] 

A high level input to this pin initializes the//PD7507/08 
after power up. 

INT1 [Interrupt 1] 

External rising edge-triggered interrupt. Connect to 
Vss if unused. 

Vqd [Power Supply] 

Positive power supply. Apply a single voltage in the 
range 2.7 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 
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Memory Map 

Figure 1 shows the ROM memory map of the 
/iPD7507/08. 

Figure 1. ROM Map 



Address 

[Decimal] 

MSB 



Address 
[Hex] 
LSB 



T l- l „ l ^ l . l ., l „ l . l ,. l — ... Htsti Kuise veciors Kroj 
7 | 6 | 5|4|3| 2|1 |0 00OH Execution t0 Addre8 s OOH 



1023 
1024 



.2047 
2048 



RESET Pulse Vectors Program 



INTT [Internal Timer/Event 
Counter Interrupt] Vectors 
Execution to 01 OH 
INT0/S [External Interrupt 0/ 
Serial Interface Interrupt] 
Vectors Execution to 020H 

INT1 [External Interrupt 1] 
Vectors Execution to 030H 



0C0HJ LHLT Instruction 
_ | Reference Table 
0CFH' 
0D0H 



0FFH J 



3FFH 
400H 



CALT Instruction 
Reference Table 



Last address for 

800H CALL inslruc,lon 
entry for //PD7507 

Last address for 
FFFH CALL instruction 
entry f or //PD7508 



Figure 2. Clock Control Circuit 



Clock Control Circuit 

The clock control circuit consists of a 4-bit clock mode 
register (bits CM-i, and CM2), prescalers 1 , 2, and 3, and 
a multiplexer. It takes the output of the system clock 
generator (CL) and count clock generator circuit (I). It 
also selects the clock source and divides the signal 
according to the setting in the clock mode register. It 
outputs the count pulse (CP) to the timer/event counter. 
Figure 2 shows the clock control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OP or OPL instruction to specify the count pulse 
frequency. Be sure to clear the high-order bits of the 
accumulator (A3, A2) to zero before loading the clock 
mode register. 



Table 2. 


Selecting the Count Pulse Frequency 


CM2 


CM] 


CMrj 


Frequency Selected 













CL/256 








1 




X/64 





1 







X 





1 


1 




X 


1 










CL/32 


1 





1 




X/8 


1 


1 







Not used 


1 


1 


1 




Not used 




CM3 






TOUT Signal 











Disabled 




1 Enabled 




51 



System Clock 
Oscillator 



CL1 
CL2 



r 



CM1 1 CMO | Clock Mode Register 



Prescaler 1 

[1/4] 



-|(-^tvVsA X2 



Crystal Clock Oscillator/ 
Event Counter Input 




Prescaler 2 

[1/8] 



Prescaler 3 

[1/8] 



:55-^l 



€>-f€> 



-«. CP 

(Timer/Event Counter) 
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Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer out flip-flop as shown in figure 3. 

The 8-bit count register is a binary 8-bit up-counter 
which is incremented each time a count pulse is input. 
The TIMER instruction, a RESET signal, or an INTT 
coincidence signal clears it to 00H. 

The 8-bit modulo register determines the number of 
counts the count register holds. The TAMMOD in- 
struction loads the contents of the modulo register. 
RESET sets the. modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register and the modulo register and outputs an 
INTT when they are equal. 

Figure 3. Timer/Event Counter 
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Serial Interface 

The 8-bit serial interface allows the //PD7507/08 to 
communicate with peripheral devices such as the 
A/PD7001 A/D converter, the//PD7227 dot matrix LCD 
controller/driver, and other microprocessors or micro- 
computers. Figure 4 shows the serial interface. 

The s erial interface consists of an 8-bit shift register, a 
3-bit SCK puls e cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 



Figure 4. Serial Interface 
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Interrupts 

The /iPD7507/08 has four vectored, prioritized inter- 
rupts. Two of these interrupts, INTT and INTS, are 
internally generated from the timer/event counter and 
serial interface, respectively. INTO and INT1 are 
externally generated. Table 3 is a summary of the four 
interrupts. Figure 5 is the block diagram. 



Table 3. /jI 


'D7507/08 Interrupts 








Source 


Function 


Location 


Priority 


ROM Vector Address 


INTT 


Coincidence in timer/event counter 


Internal 


1 


10H 


INTS 


Transfer complete signal from serial interface 


Internal 


2 


20H 


INTO 


INTO pin 


External 


2 


20H 


INT1 


INT1 pin 


External 


3 


30H 



Figure 5. Interrupt Block Diagram 
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System Clock and Timing Circuitry 

Timing for the //PD7507/08 is internally generated 
except for a frequency reference, which can be an RC 
circuit or an external clock source. Connect the 
frequency reference to the on-chip oscillator for the 
feedback phase shift required for oscillation. Figure 6 
shows the connection for an RC circuit. Figure 7 shows 
the connection for an external clock source. 

The internal oscillator generates a frequency in the 
range 60 kHz to 300 kHz depending on the frequency 
reference. For example, at Vqd = 5 V, an 83-kO resistor 
and a 33-pF capacitor generate a frequency of 200 kHz. 
The oscillation frequency is fed to the clock control 
circuit. It is divided by two and the resulting signal is 
fed to the CPU and serial interface as shown in figure 8. 

Table 4 shows the operating status of the various logic 
blocks under the three power down-modes. 

Figure 8. System Clock Circuitry 



Figure 6. RC Circuit Connection 
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Figure 7. External Clock Source Connection 
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Table 4. Power-Down Operating Status 




Power-Down Mode 






Logic Block 


HALT 


STOP 


Data Retention Mode 


System clock 


(Note 1) 


Disabled 


Disabled 


X2 


Normal 


Normal 


Disabled 


CPU 


Disabled 


Disabled 


Disabled 


RAM 


Data retained 


Data retained 


Data retained 


Internal registers 


Data retained 


Data retained 


Data retained 


Timer/event counter 


Normal 


(Note 3) 


Disabled 


Serial interface 


(Note 2) 


(Note 2) 


Disabled 


INTO 


Normal 


Normal 


Disabled 


INT1 


Normal 


Disabled 


Disabled 


RESET 


Normal 


Normal 


(Note 4) 



Note: 

(1) Supplied to timer/event counter but not to CPU or serial interface. 

(2) Can function normally if the serial MSR is set to get the SCK signal externally or from the TOUT signal. 

(3) Can function normally if the clock MSR is set to use X1 as the source for the count pulse. 

(4) To enter the data retention mode, raise RESET while Vqd is lowered. To end the data retention mode, raise RESET when V D d is raised, then 
lower it. INTT, INTO, INTS or RESET releases the STOP mode. RESET or any interrupt releases the HALT mode. 
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I/O Port Interfaces 

Figure 9 shows the internal circuit configurations at the 
I/O ports. 

Figure 9. Interface at Input/Output Ports 
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Absolute Maximum Ratings 

T A = 25°C 

Operating temperature, Tqpt 


-10 to +70 °C 

-65to+150°C 

-0.3 to +7.0 V 

-0.3 to V DD + 0.3 V 

-17 mA 
-30 mA 


Capacitance 

T A = 25°C,V DD = 0V 

Parameter Symbol 

Input capacitance C| 
Output capacitance Co 


Limits 


Test 


Storage temperature, Tstg 
Power supply voltage, Vdd 
All input and output voltages 
Output current high, Ioh 


Typ Max 

15 
15 


Unit Conditions 

pF f = 1 MHz; 
r unmeasured pins 
p returned to Vss 


One pin 

All pins, total 


I/O capacitance C|n 


15 


PF 


Output current low, I l 
One pin 
Ports 1,2, 3, 7 
Ports 4, 5, 6 


17 mA 
25 mA 
25 mA 





Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC Characteristics 

For V D D = 2.5 to 3.3 V (7507, 7508 only) 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


Vim 


0.8 V DD 




Vdd 


V 


Except CL1.X1 




V IH2 


V DD -0.3 




Vdd 


V 


CL1.X1 




V IHDR 


0-9V DDDR 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 v DD 


V 


Except CL1.X1 




V|L2 







0.3 


V 


CL1.X1 


Output voltage, high 


V H 


v DD -0.5 






V 


Ioh = -80 //A 


Output voltage, low 


Vol 






0.5 


V 


I l = 350;uA 


Input leakage current, high 


■lihi 






3 


M 


Except CL1,X1;V| = V DD 




V LIH2 






10 


M 


CL1.X1 


Input leakage current, low 


•liu 






-3 


M 


ExceptCL1,X1;V| = 0V 




V UL2 






-10 


M 


CL1, X1 


Output leakage current, high 


•loh 






3 


M 


v = v DD 


Output leakage current, low 


'lol 






-3 


M 


V o = 0V 


Supply voltage 


v dddr 


2.0 






V 


Data retention mode 



Supply current 



>DD1 


50 


250 


^A 


Normal operation, V DD = 3 V ±10%; 
R = 240 kn ±2%, C - 33 pF ±5% 




35 


230 


M 


Normal operation, Vdd = 2.5 V; 
R = 240 kn ±2%, C = 33 pF ±5% 


'DD2 


0.3 


10 


M 


Stop mode, X1 = V; V D p = 3 V ±10% 




0.2 


10 


/"A 


Stop mode, X1=0V;V DD = 2.5 V 



'dddr 



0.2 



10 



iik Data retention mode, Vdddr = 20 V 
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DC Characteristics (cont) 

For V DD = 2.7 to 6.0 V (75CG08, 5 V ±10%) 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


Vim 


0.7 V DD 




VDD 


V 


Except CL1.X1 




V|H2 


V DD - 0.5 




Vdd 


V 


CL1.X1 




VlHDR 


09VDDDR 




VDDDR + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.3 V DD 


V 


Except CL1.X1 




V|L2 







0.5 


V 


CL1.X1 



Output voltage, high 



Voh 



V DD -1-0 



V Iqh = -1.0 mA; V D d = 4.5 to 6.0 V, 7507/08 only 



Vdd - 0.5 



V Iqh = -100 nk, 7507/08 only 



Vom 



V DD -1-0 



V Iqh = -1.0 mA,75CG08 only 





VrjH2 V D d - 0.75 




V 


IrjH = -5.0 mA, 75CG08 only 


Output voltage, low 


Vol 


0.4 


V 


Id. = 1.6 mA; V DD = 4.5 to 6.0 V, 7507/08 only 






0.5 


V 


I O l = 400a/A, 7507/08 only 






0.4 


V 


I l = 1.6 mA,75CG08 only 


Input current, high 


Iih 


300 


lik 


75CG08 only, V| = V D d, MSEL 


Input current, low 


IlL 


-200 


//A 


75CG08 only, V| = V, I0-I7 


Input leakage current, high 


•urn 


3 


/"A 


Except CL1,X1;V| = V DD 




'LIH2 


10 


Kk 


CL1.X1 


Input leakage current, low 


•liu 


-3 


»k 


Except CL1,X1;V| = 0V 




•LIL2 


-10 


M 


CL1.X1 


Output leakage current, high 


'loh 


3 


t*k 


v = v DD 


Output leakage current, low 


'lol 


-3 


A/A 


v = ov 


Supply voltage 


v DDDR 2.0 




V 


Data retention mode, 7507/08 only 




Supply current 



'DD1 


300 


900 


/Jk 


Normal operation, Vdd = 5 V ±10%; 
R = 82 kO ±2%, C = 33 pF ±5% 




70 


300 


I* 


Normal operation, Vdd = 3 V ±1°%; 

R = 160 kfi ±2%, C = 33 pF ±5%, 7507/08 only 


■0D2 


1.0 


20 


M 


Stop mode, X1 = V; V D d = 5 V ±10% 




0.3 


10 


uk 


Stop mode, X1 = V; V D d = 3 V ±10%, 7507/08 only 




2 


20 


nk 


Stop mode, X1 = V; V D d = 5 V ±10%, 75CG08 only 



'DDDR 



0.2 



fjk Data retention mode V D ddr = 2.0 V, 7507/08 only 



3-mi 



MPD7507/08 



NEC 



AC Characteristics 

For V DD = 2.7 to 6.0 V (75CG08, 5 V ±10%) 



-10 to +70 °C 



Limits 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit 



Conditions 



System clock frequency 



fee 



150 



200 



240 



kHz V DD = 5.0 V ±10%; R = 82 kO ±2% (Note 1) 



75 



100 



120 



kHz V DD = 3.0 ±10%; R = 160 kn ±2% (Note 1), 7507/08 only 



75 



135 kHz V DD = 3.0 ±10%; R = 160 kn ±2% (Note 1), 7507/08 only 



410 



kHz CL1, external clock, 50% duty; 

V DD = 4.5 to 6.0 V, 7507/08 only, V DD = 5 V ±5%, 75CG08 only 



125 



kHz CL1, external clock, 50% duty; V DD = 2.7 V, 7507/08 only 



300 



kHz CL1 , external clock, 50% duty; 75CG08 only 



System clock rise and fall tcR, tcF 
times 



0.2 



jus CL1, external clock 



System clock pulse width tcH. trjL 



1.2 


50 


/uS 


CL1, external clock; V DD = 4.5 to 6.0 V, 7507/08 only 


4.0 


50 


/uS 


CL1, external clock; V D d = 2.7 V, 7507/08 only 


1.5 


50 


/US 


CL1, external clock, 75CG08 only 



1.2 



50 



/us CL1, external clock; V DD = 5 V ±5%, 75CG08 only 



Counter clock frequency fxx 



25 



32 



50 



kHz X1, X2, crystal oscillator 



fx 






410 


kHz 


X1, external pulse input; 50% duty; 
V DD = 4.5 to 6.0 V, 7507/08 only 





125 


kHz 


X1, external pulse input, 50% duty; 
V DD = 2.7 V, 7507/08 only 





300 


kHz 


X1, external pulse input; 50% duty, 75CG08 only 



410 



kHz X1, external pulse input; 50% duty; 
V DD = 5V,75CG08only 



Counter clock rise and fall txR, txF 
times 



0.2 



us X1, external pulse input 



Counter clock pulse width txH, txL 1-2 



fjis X1 , external pulse input; V DD = 4.5 to 6.0 V, 7507/08 only 



4.0 



jus X1 , external pulse input; V DD = 2.7 V, 7507/08 only 



1.5 



/us X1, external pulse input, 75CG08 only 



1.2 



/us X1, external pulse input; V DD = 5 V ±5%, 75CG08 only 



SCK cycle time 



tkCY 



3.0 



Ais SCK as input; V DD = 4.5 to 6.0 V, 7507/08 only 
5 V ±5%, 75CG08 only 



8.0 



/us SCK as input, 7507/08 only 



4.9 



/us SCK as output; V uD = 4.5 to 6.0 V, 7507/08 only 
5V±5%,75CG08only 



16.0 



//s SCK as output, 7507/08 only 



4.0 



/us SCK as input, 75CG08 only 







6.7 


fjS 


SCK as output, 75CG08 only 


SCK pulse width 


tKH. l KL 


1.3 


/US 


SCK as input; V D d = 4.5 to 6.0 V, 7507/08 only 
5V±5%,75CG08only 




4.0 


/US 


SCK as input 



Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°C|< 60 ppm. 
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AC Characteristics (cont) 

For V DD = 2.7 to 6.0 V (75CG08, 5 V±10%) 

T A = -10tO+70°C 



Limits 



Parameter 



Symbol 



Min 



Typ Max 



Unit 



Test 
Conditions 



SCK pulse width 



l KH. tKL 



2.2 



//s 



SCK as output, V DD = 4.5 to 6.0 V, 7507/08 only 
5 V ±10% 75CG08 only 



8.0 



fiS 



SCK as output, 7507/08 only 







3.0 


US 


SCK as output, 75CG08 only 


SI setup time to SCK t 


l SIK 


300 


ns 




SI hold time after SCK t 


tKSI 


450 


ns 




SO delay time after SCK 1 


l KS0 




850 ns 


V DD = 4.5 to 6.0 V, 7507/08 only 
5 V ±10% 75CG08 only 






1200 ns 


7507/08 only 


Port 1 output setup time to PSTB t 


IPST 


1/(2f cc -800) 


ns 


V DD = 4.5 to 6.0 V, 7507/08 only 
5V±10%75CG08only 




1/(2f CC -2.0) 


ns 


7507/08 only 


Port 1 output setup time to PSTB t 


tSTP 


100 


ns 


V DD = 4.5 to 6.0 V, 7507/08 only 
5 V ±10% 75CG08 only 




100 


ns 


7507/08 only 


PSTB pulse width 


tSTL 


1/(2f cc -800) 


ns 


V DD = 4.5 to 6.0 V, 7507/08 only 
5 V ±10% 75CG08 only 




1/(2f CC -2.0) 


ns 


7507/08 only 


INTO pulse width 


1 I0H. 1 I0L 


10 


fjS 




INT1 pulse width 


t|1H> l HL 


2/fcC 


/JS 




RESET pulse width 


l RSH. tRSL 


10 


(IS 




RESET setup time 


tSRS 





ns 




RESET hold time 


l HRS 





ns 
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AC Characteristics (cont) 

For V DD = 2.5 to 3.3 V (7507, 7508 only) 

T A = -10to+70°C 







Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 




fee 


50 




80 


kHz 


R = 240kn±2%(Note1) 






50 


64 


77 


kHz 


V DD = 2.5 V; R = 240 kQ ±2% (Note 1) 






k 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 




l CR. *CF 






0.2 


£<S 


CL1, external clock 


System clock pulse width 




l CH. tcL 


6.25 




50 


MS 


CL1, external clock 


Counter clock frequency 




f XX 


25 


32 


50 


kHz 


X1, X2, crystal oscillator 






ix 







80 


kHz 


X1, external pulse input, 50% duty 


Counter clock rise and fall 
time 




l XR. tXF 






0.2 


/US 


X1, external pulse input 


Counter clock pulse width 




l XH> tXL 


6.25 






/US 


X1, external pulse input 


SCK cycle time 




*KCY 


12.5 






/US 


SCK as input 






25.0 






/US 


SCK as output 


SCK pulse width 




l KH. *KL 


6.25 






/US 


SCK as input 






11.5 






AfS 


SCK as output 


SI setup time to SCK t 




t SIK 


1 






/US 




SI hold time after SCK t 




ksi 


1 






/us 




SO delay time after SCK I 




l KS0 






2 


/US 




Port 1 output setup time to PSTB 1 


tpST 


1/(2f CC -2.0) 






ns 




Port 1 output hold time after 


PSTB T 


fSTP 


100 






ns 




PSTB pulse width 




l STL 


1/(2f CC -2.0) 






ns 




INTO pulse width 




t|0H. tlOL 


30 






fjS 




INT1 pulse width 




tHH. I I1L 


2/fcc 






/US 




RESET pulse width 




tRSH- tRSL 


30 






/JS 




RESET setup time 




tSRS 









ns 




RESET hold time 




tHRS 









ns 





Note: 

(1) RC network at CL1 and CL2; C ■ 



■ 33 pF ±5%,|AC/°C|< 60 ppm. 
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Timing Waveforms 

Timing Measurement Points 



External Interrupts 



VDD = 2.7 to 6.0 V 



-Ah: 



0.7V DD \/" 
0-3 Vdd / \ 



VdD = 2.5 to 2.7 V 



yQ 



.8 Vdd 0-8 Vdd 

Test Points „ „ „ 

2 Vpp 0.2 Vdd 



X 




A?£S£T 



Clocks 



-<CF tCR" 



T / 



-<XF tXR" 



F= 



V|H2 
5 V|L2 



V|H2 
;V|L2 




Data Retention Mode 



Serial Interface 





Data Retention Mode ► 

\ Vdddr / 




vdd 

RESET 


|-»tsRS» 


* HtHRS 

V'HI 
V|L1\ 

83-003319A 




_y 


VlHDR 











i 


SCK \ 




-tKL- 






-tKH 


— ) 








,' 


1 


V 




■« tslK • 


■K*KSI-» 






f Valid \ 
^ Input Data / 




— tKSO-» 






) 


' Valid Output Data 




X 










83-003316A 



Output Strobe 



Output Data 



V- 



~ M / 
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Operating Characteristics 

T A = 25°C 



fee VS Vdd 



fee vs R 



f 200 





















|CU1 CL2| 








33 pF dz B 






R = 82 kO 
















R = 160 kO 












. 








R = 240 kO — 















I 






















-Vdd = 5 














1Ta = 


= 25°C 






















|CL1 CL2| 

i-Wv-' 

33 pF ~ R 


i 


DD = 


= 3\T^^ 
























































Vdd = 2-5V^^< 














^ 





































































Supply Voltage Vdd [V] 



100 200 

Resistance R [kft] 



fee vs Ta 



fc vs Vdd 



O 200 









Vdd = 5V, 
R = 82kl£_ 


















-|CL1 CL2|J 












VdD = 3V, 
R = 160 ktl 


















C = 33 pF 

AC/°C <60 ppm 






R = 240 kfi 



I 










[Ta = 


25 °C] 


-_n_n_ 












ti>tj:fc= 1 _ 












«1< 


2 

;t 2 :fc= - 
2 


12 

_ ■ 
«1 




c 

Opera 


efined 
ting Voltag 


e 



















Operating Temperature Ta [ °C] 



Supply Voltage Vdd [V] 



fx vs Vdd 



Idd vs Vdd 



I I 

t1 t 2 






[T A = 


25 °C] 


-H h-H 










xi _rui_ 










tl>t2-(X= 1 












2t2 
















Defined 




tl<t 2 :f X = JL 




Operating Voltage 






2t 
















• 
















Supply Voltage V D D [VI 



Supply Voltage Vdd [V] 
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Operating Characteristics (cont) 

T A = 25°C 



Iddi vsfcc 



Iddi vs Ta 



° 200 





CL1 CI 






[t a = 


= 25°C] 




2J 










I— VW- 




33 pF 


J" 














Vdd = 5V 












Vdd = 3V 









100 150 200 250 

System Clock Oscillation Frequency fee [kHz] 



























|CL1 CL2 




VDD = 


5 V, R = 82 kfi 


1 n 


33 pF ^Z R 












100 
















Vdd = 3 V, R = 160 kfi 



Operating Temperature Ta [ °C] 




lOH VS VOH 



Iol vs Vol 









[T A = 25°C] 


Vdd = 6V/ 


Add = 5V 


V D D=4V 


















Vdd = 3V 






— V D D = i 


.5 V 













V D D = 6V 






[Ta = 25°C] 


15 

10 




yVDD = 1 »V 








-V D D = 5V 




Vdd = 3V 








.5 V 


5 















High-Level Output Voltage Vqh [V] 



Low-Level Output Voltage Vql [V] 
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//PD7507H/08H 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The //PD7507H and //PD7508H are pin-compatible, 
high-speed (4.19 MHz), 4-bit, single-chip CMOS micro- 
computers with the//PD7500 series architecture. The 
subroutine stack is implemented in RAM for greater 
nesting depth and flexibility. 

Thirty-two I/O lines are organized into eight 4-bit 
ports: input port/serial interface port 0, output ports 2 
and 3, and I/O ports 1 , 4, 5, 6, and 7. 

The/uPD7507H and/t/PD7508H execute 92 instructions 
of the //PD7500 series A instruction set with a 2.86-//S 
instruction cycle time. 

Maximum power consumption is800//Aat5 Vand less 
in the HALT and STOP low-power modes. 

The 75CG08H is a piggyback EPROM prototyping chip 
that is pin-compatible with 7507H and 7508H. A 2716 
plugged into the top of the 75CG08H emulates the 
ROM of a 7507H. A 2732 emulates the ROM of 7508H. 
When emulating the 7507H, the user must take care to 
use only the first 128 RAM locations. Although 7507H 
and 7508H can operate over a range of 2.5 to 6.0 V, 
75CG08H is limited to 5 V +10%. Table 1 summarizes 
the differences among 7507H, 7508H, and 75CG08H 

Features 

□ Single-chip microcomputer 

□ Program ROM 

— ywPD7507H: 2048 x 8-bit 

— //PD7508H: 4096 x 8-bit 

— //PD75CG08H: piggyback EPROM 

□ Data RAM 

— /UPD7507H: 128 x 4-bit 

— yuPD7508H: 224 x 4-bit 

— //PD75CG08H: 224 x 4-bit 

□ 8-bit timer/event counter 

□ Four 4-bit general purpose registers 

□ Four vectored, prioritized interrupts 

□ Executes 92 instructions of 7500 series A 
instruction set 

□ 2. 86-//S instruction cycle/4. 19-MHz external clock 

□ Two standby modes 

□ 32 I/O lines 

□ LED direct drive (ports 2-5; 16 lines) 

□ Low power HALT and STOP modes 



Ordering Information 




Part No. 


Package Type 


Max Frequency 
of Operation 


//PD7507HC 


40-pin plastic DIP 


4.19 MHz 


A/PD7507HCU 


40-pin plastic shrink DIP 


4.19 MHz 


//PD7507HG-22 


44-pin plastic miniflat 


4.19 MHz 


//PD7508HC 


40-pin plastic DIP 


4.19 MHz 


A/PD7508HCU 


40-pin plastic shrink DIP 


4.19 MHz 


/(/PD7508HG-22 


44-pin plastic miniflat 


4.19 MHz 


/uPD75CG08HE 


40-pin ceramic piggyback DIP 


4.19 MHz 



Pin Configurations 

40-Pin Plastic DIP and Plastic Shrink DIP 



0OUT C 


1 




40 


3 EVENT 




P2 /PSTB C 


2 




39 


Hvss 




P21/PTOUT C 


3 




38 


HP43 




P2 2 C 


4 




37 


3P4 2 




P2 3 C 


5 




36 


3P41 




P1oC 


6 




35 


3P4o 




Pii c 


7 




34 


DP5 3 




P12C 


8 




33 


3P52 




P13C 


9 


CO 




32 


3P51 




P3oC 


10 


X 


31 


DP5o 




P31 C 


11 


Q 

Q. 


30 


DP63 




P3 2 C 


12 


29 


3P62 




P3 3 C 


13 




28 


DP61 




P7oC 


14 




27 


HP60 




P71 C 


15 




26 


J PO3/SI 




P7 2 C 


16 




25 


J P0 2 /SO 




P7 3 C 


17 




24 


3 po-i/sck 




RESET C 


18 




23 


3 POo/INTO 




CL1 C 


19 




22 


IJINT1 




VddC 


20 




21 


3CL2 


83-003434A 













E 
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Pin Configurations (cont) 

40-Pin Ceramic Piggyback DIP 




44-Pin Plastic Miniflat 



u 

z 




L 




i. 




i 




i. 




c 
■e 




> 
ui 




V 

> 




* 

0. 




* 
a 




a 



P10C 
P1lC 

P12C 
P13IZ 

P3 C 
P3i C 
P3 2 C 
P33C 
P7 C 
P7i C 
NC C 



o 



/1PD7507H/08H 



\l 





z 




a. 




1*- 
a 




1- 
u 
u 




1 
u 




c 
c 
> 








- 

2 




- 
Z 




c 
a 




O 



Zl P*0 
U P53 

n P5 2 

Zl P51 
ZlP5o 
3 P63 
Zl P62 
Z) P61 
Zl P60 
Zl PO3/SI 
Zl NC 



Pin Identification 

40-Pin DIP, Shrink DIP, and Piggyback DIP 



No. 


Symbol 


Function 


1 


0OUT 


fcc/12 square wave 


2-5 


P2 /PSTB 

P2 T /PT0UT, 

P2 2 ,P2 3 


Output port 2/output strobe pulse, 
timer out F/F signal 


6-9 


P10-P13 


I/O port 1 


10-13 


P3 -P3 3 


Output port 3 


14-17 


P7 -P7 3 


I/O port 7 


18 


RESET 


RESET input 


19,21 


CL1.CL2 


System clock inputs 


20 


Vdd 


Positive power supply 


22 


INT1 


External interrupt 


23-26 


POq/INTO, 

PtySCK, 

P0 2 /S0 

PO3/SI 


Input port 0/external interrupt, serial 
I/O interface 


27-30 


P60-P63 


I/O port 6 


31-34 


P5 -P5 3 


I/O port 5 


35-38 


P4 -P4 3 


I/O port 4 


39 


Vss 


Ground 


40 


EVENT 


External event input port 


44-Pin Miniflat 


No. 


Symbol 


Function 


1,4 


PI0-PI3 


I/O port 1 


5-8 


P3 -P3 3 


Port 3 output 


9,10, 
13,14 


P7 -P7 3 


I/O port 7 


11-12 


NC 


Not connected 


15 


RESET 


RESET input 


16,18 


CL1.CL2 


System clock inputs 


17 


V D D 


Positive power supply 


19 


INT1 


External interrupt 1 


20 


P0 /INT0 


PortO input/Interrupt 


21 


PO^SCK 


PortO input/Serial clock I/O 


22 


P0 2 /S0 


PortO input/Serial output 


23 


NC 


Not connected 


24 


PO3/SI 


PortO input/Serial output 


25-28 


P60-P63 


I/O port 6 


29-32 


P5o-P5 3 


I/O port 5 


33-36 


P4 -P4 3 


I/O port 4 
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Pin Identification (cont) 

44-Pin Miniflat (cont) 



No. 


Symbol 


Function 


37 


v S s 


Ground 


38 


EVENT 


External event input 


39 


0OUT 


fcc/12 square wave 


40 


P2 /PSTB 


Port 2 output/Output strobe pulse 


41 


P2 1 /PT0UT 


Port 2 output/Timer out F/F signal 


42,43 


P2 2 , P2 3 


Port 2 output 


44 


NC 


Not connected 


28-Pin EPROM Socket 


on Piggyback DIP 


No. 


Symbol 


Function 


1,2 


NC 


Not connected 


3-10 


A 7 -A 


Address bits 7-0 


11-13 


l -l 2 


Data bits 0-2 


14,22 


v S s 


Ground 


15-19 


I3-I7 


Data bits 3-7 


20 


CE 


Chip enable 


21,23 


A10, A11 


Address bits 10, 11 


24,25 


A9, A8 


Address bits 9, 8 


26,28 


V D D 


Positive power supply 


27 


MSEL 


Memory select 



Pin Functions 

POo/INTO, PtH/SCK, [Port O/External Interrupt, 
Serial Interface] PO2/SO, PO3/SI 

4-bit input port/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O interface under control of the serial mode 
select register. The serial input SI, serial output SO, 
and the serial clock SCK (active low) used for 
synchronizing data transfer make up the 8-bit serial I/O 
interface. Line POo is always shared with external 
interrupt INTO, a rising edge-triggered interrupt. If 
POp/ INTO is unused, it should be connected to Vs S . If 
PO1/SCK, P0 2 /SO, or P0 2 /Sl are unused, connect them 
to V ss or V DD . 

P10-Pl3[Port1] 

4-bit input/three-state output port. Data output to port 
1 is strobed in synchronization with a P2 /PSTB pulse. 
Connect unused pins to V S s or Vqd- 



P2 /PSTB, P2VPTOUT, P2 2 , P2 3 [Port 2] 

4-bit latche d three-state output port. Line P2q is shared 
with PSTB, the port 1 output strobe pulse. Line P2i is 
shared with PTOUT, the timer out F/F signal. Leave 
unused pins open. 

P3 -P33 [Port 3] 

4-bit latched three-state output port. Leave unused 
pins open. 

P4o-P43 [Port 4] 

4-bit latched three-state output port. Can also perform 
8-bit parallel I/O with port 5. In input mode, connect 
unused pins to Vqd or GND. In output mode, leave 
unused pins open. 

P53-P5 [Port 5] 

4-bit input/latched three-state output port. This port 
also performs 8-bit parallel I/O with port 4. In input 
mode, connect unused pins to Vss or Vqd- In output 
mode, leave unused pins open. 

P63-P60 [Port 6] 

4-bit input/latched three-state output port. The port 6 
mode select register configures individual lines as 
inputs or outputs. In input mode, connect unused pins 
to VssorVoD- In output mode, leave unused pins open. 

P7 -P7 3 [Port 7] 

4-bit input/latched three-state output port. In input 
mode, connect unused pins to Vss or Vqd- In output 
mode, leave unused pins open. 

0OUT [Clock Out] 

Outputs a square wave with frequency fee/ 1 2. 

EVENT [External Event Input] 

Pulses on this line are counted by the timer/event 
counter and an interrupt is generated when a pre- 
determined count is reached. 

CL1, CL2 [System Clock Input] 

The system clock can be generated by connecting a 
crystal or a ceram ic resonator across CL1 and CL2 and 
capacitors from each side of the crystal to ground. 
Alternatively a clock signal can be input to CL1 and its 
invert to CL2. See figure 1 . 
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RESET [Reset] 

A high lever input to this pin initializes the 
//PD7507H/08H after power up. 

INT1 [Interrupt 1] 

External rising edge-triggered interrupt. Connect to 
V S s if unused. 

Vdd [Power Supply] 

Positive power supply. Apply a single voltage in the 
range 2.7 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 



Table 1. Features Comparison 





/uPD75Cd08ll 


//PD7507H/7508H 


Program memory 


2K x 8 EPROM (2716) 
4K x 8 EPROM (2732) 


2Kx 8 masked ROM (7507H) 
4Kx 8 masked ROM (7508H) 


Data memory 


224x4 


128x4(7507H) 
224 x 4 (7508H) 


Data retention 
mode 


Use more current 
than 7507H, 7508H 


Yes 


Power supply 


5 V ±10% 


2.7 to 6.0 V 


Package types 


40-pin ceramic 
piggyback DIP 


40-pin plastic DIP 
40-pin plastic shrink DIP 
44-pin plastic miniflat 



Block Diagram 



P03/S1 
PO2/S0 , 

poi/sck f 



Clock 
Control 
Circuit 



n 



Program Memory 
[12-Bits/iPD7508H] 
[11-BHS//PD7507H1 



5Z 



Program Counter 
4096 x 8-Bit ROM [pPD7508H] 
2048 x 8-Bit ROM [//PD7507H] 



CL 1/8 t cc 



t 


t 


t 




System 

Clock 

Generator 


Standby 
Control 


. 


' 







Timer/Event 
Counter 



L_J 



Interrupt 
Controller 



Serial I/O 
Interlace 



JF- O O 



T^ 



ALU 




General Registers 



> 



Instruction 
Decoder 



D[4] 



E[4] 



L[4] 



Stack Pointer [8] 



Data Memory 
224 x 4-Bit RAM [//PD7508H] 
128 x 4-Bit RAM [//PD7507H] 



o 

o 



A— PortO /V~E=J. 
\, Buffer \, 1 



a Port 1 
Buffer 



O piop 



I K Port 2 N. 

y Latch 4 y P2Q-P23 

I V Buffer V I P2n/PS7 



yU\ Port 4 yLK 
C ) Latch (4) 
VV Buffer V/ 



I t\ Port 3 K 

) Latch 4 y P3o-P33 
I V Buffer K 



WP2o/PSTB \ 
\P2i/PtOUT/ 



/LA Port 5 AK 
( ) Latch C 4 / P50-P53 
VV Buffer VV 



>LK Port 6 yU\ 

( ) Latch Q 4 > P60-P63 

NV Buffer Vk 

yl_K Port 7 yLK 

( ) Latch C 4 y P7o-P73 

NV Buffer Nf/ 
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Figure 1. System Clock Options 







A. Crystal Oscillator 






CL1 
CL2 




30 pF d= I 
30 pF djZ 


Vdd 

4.5 to 6.0 V 


Frequency Range 
0.9 to 4.2 MHz 


3.8 to 6.0 V 
2.7 to 6.0 V 


0.9 to 2.5 MHz 
0.9 to 1.1 MHz 






B. Ceramic Oscillator 




CL1 
CL2 




<20pF^ T 


vdd 

4.5 to 6.0 V 


Frequency Range 
3.5 to 4.2 MHz 






C. Extern 


al Clock 




CL1 
CL2 




J/PD74HC00 


~^- 


Vdd 

4.5 to 6.0 V 


Frequency Range 
0.1 to 4.2 MHz 


2.7 to 6.0 V 


0.1 to 1.8 MHz 

83-003763A 











Memory Map 

Figure 2 shows the ROM program map of the 
7507H/7508H. 



Clock Control Circuit 

The clock control circuit consists of a 4-bit clock mode 
register (bits CM0-CM3), prescalers 1, 2, and 3, and a 
multiplexer. It takes the output of the system clock 
generator (CL) and external EVENT input. It also 
selects the clock source and divides the signal 
according to the setting in the clock mode register. It 
outputs the count pulse (CP) to the timer/event 
counter. Figure 3 shows the clock control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OP or OPL instruction to specify the count pulse 
frequency. Bit CM 3 controls the timer out F/F; it is 
disabled when the bit is and output when the bit is 1 . 



Table 2. 


Selecting the Count Pulse Frequency 


CM2 


CM, 


CM 


Frequency Selected 











fcc/1536 (CL/256) 








1 


fcc/512(f cc /8x1/64) 





1 





EVENT input 





1 


1 


Not used 


1 








fcc/192 (CL/32) 


1 





1 


f C c/64(fcc/8x1/8) 


1 


1 





Not used 


1 11 Not used 




Figure 2. ROM Map 



Address 

[Decimal] 

MSB 



Address 
[Hex] 
LSB 



rTTTTTrTTTITTTTTl 000H RESET Pulse Vectors Program 
— I 1 1 — I — I — I 1 — Execution to Address 000H 



1023 
1024 



;:_2047 
2048 



0CFH 
0D0H 



3FFH 
400H 



INTT [Internal Timer/Event 
Counter Interrupt] Vectors 
Execution to 01 OH 
INT0/S [External Interrupt 0/ 
Serial Interface Interrupt] 
Vectors Execution to 020H 

INT1 [External Interrupt 1] 
Vectors Execution to 030H 



LHLT Instruction 
Reference Table 



CALT Instruction 
Reference Table 



7FFH Last Address for CALL Instruction Entry 
800H //PD7507H 



Last Address for CALL Instruction Entry 
//PD7508H 
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Figure 3. Clock Control Circuit 



^L 



To Timer/ 
Event Counter 



CM3 J CM 2 j CM1 i CMq I 



JT 



[1/6fccl 



Prescaler 1 

[1/4] 




u 



J 




Prescaler 2 

[1/8] 



Prescaler 3 

[1/8] 



ko-n 



o 




-CP 

Count Pulse to 
Timer/Event Counter 



'Instruction execution 



Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer out flip flop as shown in figure 4. 

The 8-bit count register is a binary 8-bit up counter, 
which is incremented each time a count pulse is input. 
The TIMER instruction, a RESET signal, or an INTT 
coincidence signal clears it to 00H. 

The 8-bit modulo register determines the number of 
counts the count register holds. The TAMMOD in- 
struction loads the contents of the modulo register. 
RESET sets the modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register and the modulo register and outputs an 
INTT one clock pulse after they are equal. 



Serial Interface 

The 8-bit serial interface allows the A.PD7507H/08H to 
communicate with peripheral devices such as the 
//PD7001 A/D converter, the//PD7227 dot matrix LCD 
controller/driver, and other microprocessors or 
microcomputers. 

The s erial interface consists of an 8-bit shift register, a 
3-bit SCK puls e cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 

Interrupts 

The£(PD7507H/08H has four vectored, prioritized inter- 
rupts. Two of these interrupts, INTT and INTS, are 
internally generated from the timer/event counter and 
serial interface, respectively. INTO and INT1 are 
externally generated. Table 3 is a summary of the four 
interrupts. 



Table 3. 


fxPD7507H/08H Interrupts 








Source 


Function 


Location 


Priority 


ROM Vector Address 


INTT 


Coincidence in timer/event counter 


Internal 


1 


10H 


INTS 


Transfer complete signal from serial interface 


Internal 


2 


20H 


INTO 


INTO pin 


External 


2 


20H 


INT1 


INT1 pin 


External 


3 


30H 
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Figure 4. Timer/Event Counter 



'Command Execution 



7S 



8 h TAMMOD* 



8-Bit Modulo Register 



Iz. 



8-Bit Comparator 



J> 



8-Bit Count Register 



a 



Timer-Out 
F/F 



INTT 
"*■ [Coincidence] 



•Timer 
RESET 



Clock 
MSR- 
Bit 3 



TOUT 

(To Serial Interface) 



to 



PTOUT 
[to P2i/ 
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Figure 5. System Clock Circuitry 
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System Clock and Timing Circuitry 

There are four time bases available for the 
/uPD7507H/08H. Table 4 shows these bases and the 
frequencies generated. 

The CPU clock is used by the CPU and serial interface. 
The system clock is used by the timer/event counter 
and the INT1 signal. 



Table 4. fjPD7507H/08H Time Bases 



Base 


Symbol 


Frequency 


System clock 


CL 


1/6 f cc (698 kHz/4.19 MHz) 


CPU clock 




1/12 f cc (349 kHz/4.19 MHz) 


External clock 


0OUT 


1/12 fee (349 kHz/4.19 MHz) 


Timer/event 
counter clock 


— 


1/8f cc (524kHz/4.19MHz) 



I/O Port Interfaces 

Figure 6 shows the internal circuit configurations at the 
I/O ports. 



Figure 6. Interface at Input/Output Ports 



TypeB 
POo/INTO, INT1, P03/SI, RESET, EVENT 




JT 



-O Input 



Type C 

*OUT 

Vdd 



rl 



> Output 



HE- 



Type D 

P20/PSTB, P21/PTOUT, P22, P23, P3Q-P33 



Pch 



3>H 



-O Output 



Output 
Disable 



Vss 
Note: Upon RESET, both transistors are turned off. 



Type E 
P10-P13, P02/SO, P40-P43, P50-P53, P60-P63, P70-P73 



Output 
Disable 



Output 
Disable 




Typ e F 
PO1/SCK 



P-ch 

fohE 



4 




vss 



Input/ 
Output 



Input/ 
Output 
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Absolute Maximum Ratings 

T A = 25°C 




Capacitance 

T A = 25°C,V DD = 0V 








Operating temperature, Tqpt 


-10 to 70 °C 
-65to150°C 


Parameter 


Symbol 


Limits 


Unit 


Test 


Storage temperature, Tstg 


Typ Max 


Conditions 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input capacitance 


C| 


15 


PF 


f = 1 MHz; 


All input and output voltages 


—0.3 to V DD + 0.3 V 


Output capacitance 


Co 


15 


PF 


unmeasured pins 
returned to Vss 


Output current, high, Iqh 
One pin 
All pins, total 


-5 mA 
-20 mA 


I/O capacitance 


C IO 


15 


PF 




Output current, low, Iql 
One pin 
Ports 6, 7 
Total ports 


17 mA 

20 mA 

200 mA 













Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



E 
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DC Characteristics 

T A ■■= -10 to +70°C; V DD = 2.7 to 6.0 V (5 V ±10% for 75CG08H) 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 




Vim 


0.7 V DD 




Vdd 


V 


Except CL1.CL2 




V IH2 


Vdd-05 




Vdd 


V 


CL1.CL2 




V IHDR 


0.9V DDDR 




Vdddr + o.2 


V 


RESET, data retention mode 


Input voltage, low 




V|L1 







0.3 V D0 


V 


Except CL1.CL2 




V|L2 







0.5 


V 


CL1.CL2 



Output voltage, high 



Voh 



V D d -1.0 



l H = -1.0 mA; V 0D = 4.5 to 6.0 V; except 
Au/Vpp 



V D d - 0-5 



I O l = -100//A 







v DD -0.75 






V 


A n/Vp P ; Ioh = -5 mA (,uPD75CG08H only) 


Output voltage, low 


Vol 




0.5 


1.5 


V 


l L = 12 mA; V DD = 4.5 to 6.0 V; Ports 2-5 








0.4 


V 


Iol = 1-6 mA; V 0D = 4.5 to 6.0 V; Ports 6-7 








0.5 


V 


I O l = 400a<A 


Input leakage current, high 


'LIH1 






3 


M 


Except CL1,CL2;V| = V DD 




■l1H2 






20 


//A 


CL1.CL2; V| = Vd D 


Input leakage current, low 


■lili 






-3 


M 


Except CL1,CL2;V| = 0V 




'UL2 






-20 


//A 


CL1,CL2;V| = 0V 


Output leakage current, high 


'loh 






3 


M 


v = v DD 


Output leakage current, low 


'lol 






-3 


M 


V o = 0V 


Supply voltage 


Vdddr 


2.0 




6.0 


V 


Data retention mode 



Supply current 



■ddi 



900 (1) 
1000 (2) 



3000 (1) 
3000 (2) 



/"A 



Normal operation, Vdd = 4.5 to 6.0 V; 
f = 4.19 MHz 





150 (2) 


700 (2) 


*A 


Normal operation, Vdd = 27 to 3.3 V; 
f = 1 MHz 


!dD2 


350 (1) 
500 (2) 


800 (1) 
1100(2) 


M 
M 


HALT mode, X1 = V; V DD = 4.5 to 6.0 V; 
f = 4.19 MHz 




70(2) 


180 (2) 


//A 


HALT mode, X1 = V; V DD = 2.7 to 3.3 V; 
f = 1MHz 



>DD3 



0.1 



/iA 



STOP mode 



Note: 

(1) Crystal oscillation; C1 = C2 = 10 pF. 

(2) Ceramic oscillation; C1 = C2 = 30 pF. 
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AC Characteristics 

T A = -10 to +70 °C; V DD = 2.7 to 6.0 V (5 V ±10% for 75CG08H) 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


fCY 


2.86 




120 


kHz 


V DD = 4.5 to 5.5 V 




6.7 




120 


kHz 




EVENT input frequency 


*E 







700 


kHz 


V DD = 4.5 to 6.0 V 









250 


kHz 




EVENT input high 


tEH 


0.7 






/IS 


V 0D = 4.5 to 6.0 V 


EVENT input low 


tEL 


3.3 






fjS 





SCK cycle time 



l KCY 



2.5 


MS 


SCK as input; V DD = 4.5 to 6.0 V 


10 


//s 


SCK as input 


2.86 


(IS 


SCK as output; V DD = 4.5 to 6.0 V 


11 


(IS 


SCK" as output 


1.1 


flS 


SCK as input; V DD = 4.5 to 6.0 V 


4.5 


//S 


SCK as input 


1.3 


/IS 


SCK as output; V D d = 4.5 to 6.0 V 



SCK pulse width 



tKH. tKL 



Note: 

(1) (3 -5- f cc or f c ) - 350. 

(2) (3 -i- f CC or f c )- 1000. 

(3) tcY^IS-fccorfc. 








5.0 




//S 


SCK as output 


SI setup time to SCK t 


tsiK 


300 




ns 




SI hold time after SCK t 


*KSI 


450 




ns 




SO delay time after SCK I 


tKSO 




850 


ns 


V DD = 4.5 to 6.0 V 






1200 


ns 




Port 1 output setup time to 
PSTBt 


tpST 


(Note 1) 




ns 


V DD = 4.5 to 6.0 V 


(Note 2) 




ns 




Port 1 output hold time after 
PSTBt 


tSTP 


80 




ns 




PSTB pulse width 


l SWL 


(Note 1) 




ns 


V DD = 4.5 to 6.0 V 




(Note 2) 




ns 




INTO pulse width 


t|0H> 1 I0L 


10 




us 




INT1 pulse width 


I I1WH. t|1WL 


(Note 3) 




IJS 




RESET pulse width 


tRSH. l RSL 


10 




us 




RESET setup time 


tSRS 







ns 




Clock stabilization time 


l 0S 


25 




ms 


V DD = 4.5V 
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Timing Waveforms 

Clocks 



CL1 Input 



-t c f tCR- 



/ 



-tCH" 



V|H2 
rV|L2 



Timing Measurement Points 



X 



0.7 VqD 
0.3 VdD 



07V DD \/~ 
0-3VddA 



Serial Interface 



■A 



►) h- t K H ►) 
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Input Data J 



X 



EVENT Input 



Valid Output Data 



X 




External Interrupts 




Reset 




STOP Mode 



VDD 



-if STOP Mode- 



- Data Retention- 



\ 



f 



HALT 
"Mode" 



/"^ 
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Operating Characteristics (cont) 

T A = 25°C 







Oscillator Frequency 


vs Supply Voltage 
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Operating Characteristics (cont) 

T A = 25°C 



Clock Frequency vs Supply Voltage 



Vol vs. Iol [Ports 2-7] 
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/J>D7507S 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 



Description 

The //PD7507S 4-bit, single-chip CMOS micro- 
computer has advanced fourth-generation architec- 
ture. It is a reduced version of the/yPD7507, with fewer 
I/O lines. The device can be operated as low as Vqd = 
2.2 V to minimize power consumption. 

Features 

□ Single-chip microcomputer 

D Can operate on a single lithium battery 

□ Executes 91 instructions of //PD7500 instruction 
set A 

□ 2048 x 8-bit program ROM 

□ 128 x 4-bit data RAM 

□ Interrupt capabilities 

— Two external interrupts: INTO, INT1 

— Two internal interrupts: I NTT, I NTS 

□ 8-bit timer/event counter 
D 8-bit serial interface 

□ Two standby modes 

□ Data retention mode 

□ 20 I/O lines 

□ Internal RC oscillation circuitry 

□ Crystal oscillation circuitry for count clock 

□ Low power consumption 

□ Single 2.2 to 6.0 V operating voltage 

□ CMOS technology 



Pin Configuration 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


//PD7507SC 28-pin plastic DIP 


410 kHz 


//PD7507SCT 28-pin plastic shrink DIP 


410 kHz 













P4 3 C 1 v - 


> 28 


DVss 


X1 C 2 


27 


3P42 




X2C 


3 


26 


HP41 




P2oC 


4 


25 


3 P4 




P21/PTOUT C 


5 


24 3 PS 3 




P22C 


6 


» 23 


UP52 




P23C 


7 


a 22 


UP51 




P3oC 


8 


a 21 


HP5o 




P31C 


9 


51 20 


3 PO3/SI 




P3 2 C 


10 


19 


1 P0 2 /SO 




P3 3 [I 


11 


18 3 POi/SCK 




RESET C 


12 


17 3 POo/INTO 




cue 


13 


16 3 INT1 




VddE 


14 


15 


3 CL2 


83-003418A 











Pin Identification 



No. 


Symbol 


Function 


1,25-27 


P4o-P4 3 


I/O port 4 


2,3 


X2, X1 


Crystal clock/external event input 


4-7 


P2 , P2 1 /PT0UT, 
P2 2 , P2 3 


Output port 2/timer out F/F signal 


8-11 


P3 3 -P3 


Output port 3 


12 


RESET 


RESET input 


13,15 


CL1.CL2 


System clock input 


14 


Vdd 


Positive power supply 


16 


INT1 


External interrupt 


17-20 


P0 /INT0 
POt/SCK 
P0 2 /S0 
PO3/SI 


Input portO/external interrupt, 
serial I/O interface 


21-24 


P5 3 -P5 


I/O port 5 


28 


Vss 


Ground 



E 
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Pin Functions 



P0 /INT0, POi/SCK, [Port O/External Interrupt, 
Serial Interface] PO2/SO, PO3/SI 

4-bit input port/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O interface under control of the serial mode 
select register. The seri al in put SI, serial output SO, 
and the serial clock SCK (active low) used for 
synchronizing data transfer make up the 8-bit serial I/O 
interface. Line P0 is always shared with external 
interrupt INTO, a rising-edge triggered interrupt. If 
POp/IN TO is unused, it should be connected to ground. 
If PO1/SCK, PfVSO, or PO3/SI are unused, connect 
them to ground or Vdd- 

P2 , P2VPTOUT, P2 2 , P2 3 [Port 2] 

4-bit latched three-state output port. Line P2-| is shared 
with PTOUT, the timer out F/F signal. If any pins are 
unused, leave them open. 

P3 3 -P3 [Port 3] 

4-bit latched three-state output port. Leave unused pins 
open. 

P4 3 -P4 [Port 4] 

4-bit input/latched three-state output port. This port, 
with port 5, also performs 8-bit parallel I/O. In input 
mode, connect unused pins to ground or Vdd- In 
output mode, leave unused pins open. 



P5 3 -P5 [Port 5] 

4-bit input/latched three-state output port. This port, 
with port 4, also performs 8-bit parallel I/O. In input 
mode, connect unused pins to ground or Vdd- In 
output mode, leave unused pins open. 

X2, X1 [Crystal Clock/External Event Input] 

Connect a crystal oscillator circuit to input X1 and 
output X2 for crystal clock operation. Alternatively, 
connect external event pulses to input X1 and leave 
output X2 open for external event counting. If X1 is not 
used, connect it to ground. If X2 is not used, leave it 
open. 

CL1, CL2 [System Clock Input] 

Connect an 82-kfi resistor across CL1 and CL2 and 
connect a 33-pF capacitor from CL1 to GND (200 kHz). 
Alternatively, connect an external clock source to CL1 
and leave CL2 open. 

INT1 [External Interrupt] 

This is a rising edge-triggered interrupt. 

Vdd [Power Supply] 

Positive power supply. Apply a single voltage in the 
range 2.2 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 
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Block Diagram 



INT1 INTO/POo SCK/P01 SI/PO3 SO/PO2 
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2Z 
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Memory Map 

Figure 1 shows the program memory map of the 
A/PD7507S. 

Figure 1. Program Memory Map 



Address 




Address 






[decimal] 




[Hex] 






MSB 




LSB 


RESET pulse vectors program execution 
to address 000H. 

INTT [Internal timer/event counter Interrupt] 
vectors program execution to address 010H. 

INTO/S [External interrupt O/internal serial 
interface interrupt] vectors program 
execution to address 020H. 

INT1 [External interrupt 1] vectors execution 
to address 030H. 





16 
32 
48 


7|6|5 


4 1 3 I 2 I 


TR 






010H 
020H 














030H 








192 








0C0H 


LHLT instruction reference table. 










207 
208 








OCFH 
ODOH 












255 








OFFH 


CALT instruction reference table. 














2047 








7FFH 
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Clock Control Circuit 

The clock control circuit consists of a 4-bit clock mode 
register (bits CM0-CM3), prescalers 1, 2, and 3, and a 
multiplexer. It takes the output of the system clock 
generator (CL) and the count clock generator circuit 
(I). It also selects the clock source and divides the 
signal according to the setting in the clock mode 
register. It supplies the timer/event counter with the 
count pulse. Figure 2 shows the clock control circuit. 

Table 1 lists the codes set in the clock mode register by 
the OP 12 and OPL instruction to specify the count 
pulse frequency. CM3 controls the timer out flip flop. 
When CM3 is 0, the timer out F/F is disabled; when CM3 
is 1 , it is output. When you set the clock mode register 
with the OPL instruction, clear the high-order two bits 
of the accumulator. 



Figure 2. Clock Control Circuit 



Table 1. 


Selecting the Count Pulse Frequency 


CM 2 


CM, 


CM 


Frequency Selected 











CL/256 








1 


X/64 





1 





X 





1 


1 


X 


1 








CL/32 


1 





1 


X/8 


1 


1 





Not used 


1 1 1 Not used 




CM3 




Timer F/F Output 









Disabled 




1 Output 




31 



To Timer/ 
Event Counter 



|CM3JCM2| CM1jCM0| 



Prescaler 1 

[1/4] 



J 



Multiplexer 




Prescaler 2 

[1/8] 



Prescaler 3 

[1/8] 



€D-f£> 



'Instruction execution 
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Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer-out flip-flop as shown in figure 3. 

The 8-bit counter is a binary up-counter which is 
incremented each time a count pulse is input. The 
TIMER instruction, an INTT coincidence signal, or a 
RESET signal clears it to OOH.The 8-bit modulo register 
determines the number of counts the count register 
holds. The TAMMOD instruction loads the modulo 
register. RESET sets the modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register to the modulo register and outputs a 
coincidence signal when these are equal. 



Figure 3. Timer/Event Counter 
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Serial Interface 

The 8-bit serial interface allows the yuPD7507S to 
communicate with peripheral devices such as the 
//PD7001 A/D convertor, the//PD7227 dot matrix LCD 
controller/driver, and other microprocessors or micro- 
computers. Figure 4 shows the serial interface. 

The s erial interface consists of an 8-bit shift register, a 
3-bit SCK puls e cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 



Figure 4. Serial Interface 
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Interrupts 

The //PD7507S has four vectored, prioritized inter- 
rupts. Two of these interrupts, INTT and INTS, are 
internally generated from the timer/event counter and 
serial interface, respectively. INTO and INT1 are 
externally generated. Table 2 is a summary of the four 
interrupts. Figure 5 is the block diagram. 



Table 2. fiPD7507S Interrupts 



System Clock and Timing Circuitry 

Timing generation for the juPD7507S is internally 
generated except for a frequency reference, which can 
be an RC circuit or an external clock source. Connect 
the frequency reference to the on-chip oscillator for 
the feedback and phase shift required for oscillation. 
Figures 6 to 9 show the connections for count clocks 
and system clocks. 

Table 3 shows the operating status of the various logic 
blocks under the three power-down modes. 



Source 



Function 



Location 



Priority 



ROM Vector Address 



INTT 
INTS 



Coincidence in timer/event counter 



Internal 



10H 



Transfer complete signal from serial interface 



Internal 



20H 



INTO 

intT 



INTO pin 



External 



20H 



INT1 pin 



External 



30H 



Figure 5. Interrupt Block Diagram 
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Figure 6. Count Clock, Crystal Oscillator 
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Figure 8. System Clock, RC Oscillation 
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Figure 7. Count Clock, External Source 



I 




External i 


X1 

Buffer 
X2 


Count Clock X 


Clock 

L 


[To Count Clock] 




83-003426A 



Figure 9. System Clock, External Source 
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Table 3. Power-Down Operating Status 





Power Down Mode 






Logic Block 


HALT 


STOP 


Data Retention 


System clock 


(D 


Disabled 


Disabled 


X2 


Normal 


Normal 


Disabled 


CPU 


Disabled 


Disabled 


Disabled 


RAM 


Data retained 


Data retained 


Data retained 


Internal registers 


Data retained 


Data retained 


Data retained 


Timer/event counter 


Normal 


(3) 


Disabled 


Serial interface 


(2) 


(2) 


Disabled 


INTO 


Normal 


Normal 


Disabled 


INT1 


Normal 


Disabled 


Disabled 


RESET 


Normal 


Normal 


(4) 



Note: 

(1) Supplied to timer/event counter but not to CPU or serial interface. 

(2) Can function normally if the MSR is set to get the SCK signal externally or from the TOUT signal. 

(3) Can function normally if the clock MSR is set to use X1 as the source for the count pulse. 

(4) To enter the data retention mode, raise RESET while Vqq is lowered. To end the data retention mode, raise RESET when Vqd is raised, 
then lower it. INTT, INTO, INTS or RESET releases the STOP mode. RESET or any interrupt releases the HALT mode. 
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I/O Port Interfaces 

Figure 10 shows the configurations at the I/O ports. 

Figure 10. Input/Output Port Interfaces 
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Absolute Maximum Ratings 




Operating temperature, Topt 


-10 to +70°C 


Storage temperature, Tstg 


-6.5to+150°C 


Power supply voltage, Vdd 


-0.3 to +7.0 V 


Input voltage, V| 


-0.3 to V D d + 0.3 V 


Output voltage, Vn 


-0.3 to V DD + 0.3 V 


Output current high, Ioh 
One pin 
Total, all pins 


-17 mA 
-34 mA 



Capacitance 

T A = 25°C,V DD = 0V 



Parameter 



Limits 
Symbol Typ Max Unit 



Test 
Conditions 



Input capacitance 



C| 



15 pF 



Output capacitance Cq 



15 pF 



f = 1MHz; 
unmeasured pins 
returned to Vss 



I/O capacitance 



C I0 



15 pF 



Output current low, Iol 

One pin 

Total, all pins 
Ports P2, P3, and P4 3 
Ports P5 and P4 -P4 2 



17 mA 



25 mA 
25 mA 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC Characteristics 

For V DD = 2.7 to 6.0 V 

T A = -10to+70°C 



E 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.7 V DD 




Vdd 


V 


Except CL1.X1 




V IH2 


V D D - 0.5 




Vdd 


V 


CL1.X1 




V IHDR 


0.9V D DDR 




Vdddr + o.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.3 V DD 


V 


Except CL1.X1 




V|L2 







0.5 


V 


CL1.X1 


Output voltage, high 


V0H 


Vqd-1-0 






V 


l H = 10mA;V DD = 4.5to6.0V 




Vdd-0.5 






V 


I O l = -100/uA 


Output voltage, low 


Vol 






0.4 


V 


Iql = 1.6 mA; V DD = 4.5 to 6.0 V 








0.5 


V 


Iol = 400 //A 


Input leakage current, high 


•lihi 

l UH2 






3 


M 


Except CL1,X1;V| = V DD 








10 


M 


CL1,X1;V| = V D0 


Input leakage current, low 


■l_IL1 

l|_IL2 






-3 


M 


Except CL1,X1;V| = 0V 








-10 


M 


CL1.X1; V| = V 


Output leakage current, high 


'loh 






3 


M 


v = v D0 


Output leakage current, low 


'lol 






-3 


/"A 


V = OV 


Supply voltage 


V DDDR 


2.0 






V 


Data retention mode 



Supply current 



'DD1 



300 


900 


/"A 


Normal operation, V DD = 5 V ±10%; R = 82 
kn ±2%, C = 33 pF ±5% 


70 


300 


M 


Normal operation, V DD = 3 V ±10%; R = 160 
kO ±2%, C = 33 pF ±5% 


1 


20 


//A 


Stop mode, X1 = V; V DD = 5 V ±10% 



0.3 



lib Stop mode, X1 = V 



0.2 



//A Data retention mode Vqddr = 2.0 V 
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DC Characteristics (cont) 

V D D = 2-2to3.3V 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.7 V DD 




Vdd 


V 


Except CL1.X1 




V|H2 


Vdd-0.1 




Vdd 


V 


CL1.X1 




VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 v DD 


V 


Except CL1.X1 




V|L2 







0.2 


V 


CL1.X1 


Output voltage, high 


V H 


Vdd-0.5 






V 


l H = -80/iA 


Output voltage, low 


Vol 






0.5 


V 


I O l = 350/uA 


Input leakage current, high 


'LIH1 






3 


M 


Except CL1,X1;V| = V D d 




'UH2 






10 


M 


CL1,X1;V| = V DD 


Input leakage current, low 


luu 






-3 


//A 


Except CL1,X1;V| = 0V 




'LIL2 






-10 


M 


CL1.X1; V| = V 


Output leakage current, high 


•loh 






3 


M 


V = V DD 


Output leakage current, low 


Ilol 






-3 


A*A 


V - V 


Supply voltage 


Vdddr 


2.0 






V 


Data retention mode 



Supply current 



Iddi 



'dddr 



50 



200 



//A 



Normal operation, R = 270 kn ±2%, 
C = 33 pF ±5% 





30 


100 


M 


Normal operation, Vdd - 2 - 2 V; 
R = 270 kn ±2%, C = 33 pF ±5% 


>DD2 


0.3 


10 


/"A 


Stop mode, X1 = V 




0.2 


10 


/*A 


Stop mode, X1 = V; V DD = 2.2 V 



0.2 



10 



fjA Data retention mode, Vdddr = 2 -0 V 
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AC Characteristics 

For V DD = 2.7 to 6.0 Volts 

T A = -10to+70"C 



Parameter 



Limits 



Symbol 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock frequency 



Counter clock frequency 



SCK cycle time 



f CC 



150 


200 


240 


kHz 


V DD = 5 V ±10%; R = 82 kO ±2% (Note 1) 


75 


100 


120 


kHz 


V D0 = 3 V ±10%; R = 160 kfi ±2% (Note 1) 


75 




135 


kHz 


R = 160 kQ ±2% (Note 1) 


10 




410 


kHz 


CL1, external clock, 50% duty; V DD = 4.5 to 
6.0 V 







10 


125 


kHz 


CL1, external clock, 50% duty; V d = 2.7 V 


System clock rise and fall 
time 


l CR. *CF 




0.2 


MS 


CL1, external clock 


System clock pulse width 


tfJH. to. 


1.2 


50 


us 


CL1 , external clock; V D d = 4.5 to 6.0 V 




4.0 


50 


flS 


CL1, external clock; V DD = 2.7 V 



fxx 



20 



32 



50 



kHz X1, X2, crystal oscillator 



410 



kHz 



X1, external pulse input, 50% duty; 
V DD = 4.5 to 6.0 V 










125 


kHz 


X1, external pulse input, 50% duty; 
V DD = 2.7V 


Counter clock rise and fall 
time 


l XR. txF 




0.2 


us 


X1, external pulse input 


Counter clock pulse width 


l XH. txL 


1.2 




us 


X1, external pulse input; Vqq = 4.5 to 6.0 V 




4.0 




flS 


X1, external pulse input; Vdd = 2.7 V 



E 



l KCY 



3.0 



fis SCK as input; V DD = 4.5 to 6.0 V 



4.9 



fjs SCK as output; V D n = 4.5 to 6.0 V 



8.0 



vs SCK as input 



16.0 



(is SCK as output 



SCK pulse width 



l KH. t«L 



1.3 



//s SCK as input; V D0 = 4.5 to 6.0 V 



2.2 



/js SCK as output; V DD = 4.5 to 6.0 V 



4.0 



//s SCK as input 







8.0 




us 


SCK as output 


SI setup time to SCK t 


tsiK 


300 




ns 




SI hold time after SCK t 


l KSI 


450 




ns 




SO delay time after SCK 1 


tKSO 




850 


ns 


V DD = 4.5 V to 6.0 V 






1200 


ns 




INTO pulse width 


tlOH. t|0L 


10 




/US 




INT1 pulse width 


t|1H.t|1L 


2/f 




(JS 




RESET pulse width 


tRSH. tRSL 


10 




//S 




RESET setup time 


tSRS 







ns 




RESET hold time 


{ HRS 







ns 





Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%,|aC/°c|s 60 ppm. 
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AC Characteristics (cont) 

For Vqd = 2.2 to 3.3 V 

T A = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


*cc 


40 


60 


70 


kHz 


R = 240kQ+2%(Note1) 




43 


55 


65 


kHz 


V DD = 2.2 V; R = 240 kO ±2% (Note 1) 




f c 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 


tCR. l CF 






0.2 


(IS 


CL1, external clock 


System clock pulse width 


l CH. tCL 


6.1 




50 


/LIS 


CL1, external clock 


Counter clock frequency 


fxx 


20 


32 


50 


kHz 


X1, X2, crystal oscillator 




fx 







80 


kHz 


X1, external pulse input, 50% duty 


Counter clock rise and fall 
time 


l XR. *XF 






0.2 


us 


X1, external pulse input 


Counter clock pulse width 


l XH> l XL 


6.1 






juS 


X1, external pulse input 


SCK cycle time 


tKCY 


12.5 






MS 


SCK as input 




25 






flS 


SCK as output 


SCK pulse width 


l KH. *KL 


6.5 






vs 


SCK as input 




11.5 






fjS 


SCK as output 


SI setup time to SCR t 


tSIK 


1 






MS 




SI hold time after SCK t 


l KSI 


1 






MS 




SO delay time after SCK 1 


kso 






2 


MS 




INTO pulse width 


t|0H. t|0L 


30 






MS 




INT1 pulse width 


tnH-'tm 


2/f 






MS 




RESET pulse width 


tRSH. l RSL 


30 






MS 




RESET setup time 


tSRS 









ns 




RESET hold time 


*HRS 









ns 





Note: 

(1) RC network at CL1 and CL2; C = 33 pF ±5%,|AC/°C|< 60 ppm. 

Recommended R and C Values for System 
Clock Oscillation Circuit 



T A = -10tO+70°C 








Supply 
Voltage Range 




Recommended 
Values (Note 1) 


Frequency Range 


4.5 to 6.0 V 


R: 


= 82kn±2% 


150 to 250 kHz, 
200 kHz typical 


2.7 to 3.3 V 


R; 


=160 kO ±2% 


75 to 120 kHz, 
100 kHz typical 


2.7 to 6.0 V 


R = 


=160 kO+ 2% 


75 to 135 kHz 


2.2 to 3.3 V 


R = 


= 270 kn ±2% 


40 to 70 kHz 


2.2V 


R = 


= 270 kn +2 % 


43 to 65 kHz 



Note: 

(1 ) C = 33 pF ±5%,|AC/°C|< 60 ppm. 
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Timing Waveforms 

Timing Test Points 



External Interrupts 



VDD = 2.7 to 6.0 V 
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Operating Characteristics 

T A = 25°C 



fee vs Vdd 



fc vs Vdd 
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? 200 
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. 
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»1 12 
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Operating Characteristics (cont) 

T A = 25°C 



Iddi vs fee 



lOH VS VoH 
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NEC Electronics Inc. 



//PD7508A 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH FIP® DRIVER 



Description 

The //PD7508A 4-bit, single-chip CMOS micro- 
computer has advanced fourth-generation architec- 
ture. It is identical to the/iPD7508 except for a smaller 
RAM and 16 lines of vacuum fluorescent display FIP 
drive capability. It contains a 4096 x 8-bit ROM and a 
208 x 4-bit RAM. 

The //PD7508A contains four 4-bit general purpose 
registers outside RAM. The subroutine stack is imple- 
mented in RAM for greater nesting depth and flexibility. 
The//PD7508A executes 92 instructions of the;uPD7500 
series instruction set A with a 10-jus cycle time. 

The//PD7508A has two external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to reduce software requirements. Ports 3-6 can be 
pulled to —35 V to drive vacuum fluorescent displays. 
CMOS technology allows the use of a single 2.7 V to 6.0 
V power supply with a maximum current consumption 
of 900 //A. This is even lower in the HALT and STOP 
standby modes. 

Features 

□ Single-chip microcomputer 

□ Executes 92 instructions of^/PD7500 instruction set A 

□ Instruction cycle: 

— 10 /ys/200 kHz (5 V internal) 

— 5 fjs/400 kHz (5 V external) 

□ 4096 x 8-bit program ROM 

□ 208 x 4-bit data RAM 

□ Interrupt capabilities 

— Two external interrupts: INTO, I NT1 

— Two internal interrupts: I NTT, I NTS 

□ 8-bit timer/event counter 

□ 8-bit serial interface 

□ Two standby modes 

□ Data retention mode 

□ 32 I/O lines 

□ Four high-voltage (40 V) ports 

□ Two high-current (8 mA) ports 

□ Internal RC oscillation circuitry 

□ Crystal oscillation circuitry for count clock 

□ Low power consumption 

□ Single 2.7 to 6.0 V operating voltage 

□ CMOS technology 



Pin Configuration 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


A/PD7508AC 40-pin plastic DIP 


400 kHz 













X2C 1 V >- 


-/ 40 


3X1 


P2o/P5TB C 


2 


39 


HVsS 




P21/PTOUTC 3 


38 


DP43 




P2 2 C 4 


37 3 P42 




P23C 5 


36 


DP41 




PloC 6 


35 


3 P4o 




P11 C 7 


34 


DP53 




P12C 8 


33 3 P52 




P13C 


9 32 


DP51 




P3o C 10 31 D P5o 




P31 C 11 Q 30 


DP63 




P3 2 C 


12 4 29 3 P62 




P33C 13 


28 


DP61 




P7 C 14 


27 


HP60 




P7! C 15 


26 J POj/SI 




P7 2 C 16 


25 


3 P02/SO 




P7 3 C 17 


24 3 P01/SCK 




RESET C 18 


23 3 POo/INTO 




CL1 C 


19 


22 


HINT1 




VDDC 


20 


21 


UCL2 


83-002989A 
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Pin Identification 


No. 


Symbol 


Function 


1,40 


X2.X1 


Crystal clock/external event input port 


2-5 


P2 /PSTB 
P2 1 /PT0UT, 
P22- P23 


Output port 2/output strobe pulse, 
timer out F/F signal 


6-9 


PVPI3 


I/O port 1 


10-13 


P3 -P3 3 


Output port 3 


14-17 


P7 -P7 3 


I/O port 7 


18 ■' 


RESET 


RESET input 


19, 21 


CL1, CL2 


System clock inputs 


20 


Vdd 


Positive power supply 


22 


INT1 


External interrupt 


23-26 


P0 /INT0, 
PO^SCK, 
P0 2 /S0 
PO3/SI 


Input port 0/ 
external interrupt, 
serial I/O interface 


27-30 


P60-P63 


I/O port 6 


31-34 


P5 -P5 3 


I/O port 5 


35-38 


P4 3 -P4 


I/O port 4 


39 


Vss 


Ground 



FIP is the registered trademark for NEC's fluorescent indicator panel 
(vacuum fluorescent display). 
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Pin Functions 



POo/INTO, POi/SCK, [Port O/External Interrupt, 
Serial Interface] PO2/SO, PO3/SI 

4-bit input port/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O interface under control of the serial-mode 
select register. The serial input SI, serial output SO 
(active low), and the serial clock SCK (active low) used 
for synchronizing data transfer make up the 8-bit serial 
I/O interface. Line POo is always shared with external 
interrupt INTO, a rising edge-triggered interrupt. If 
POo/INTO is unused, it should be connected to Vss- If 
P0-|/SCK, P0 2 /SO, or PO3/SI are unused, connect them 
toV S sorV DD . 

P1o-Pl3[Port1] 

4-bit input/three-state output port. Data ou tput to port 1 
is strobed in synchronization with a P2 /PSTB pulse. 
Connect unused pins to Vss or V D o- 



P2 /PSTB, P21/PTOUT, P2 2 , P23 [Port 2] 

4-bit latche d three-state output port. Line P2 is shared 
with PSTB, the port 1 output strobe pulse. Line P2i is 
shared with PTOUT, the timer out F/F signal. Leave 
unused pins open. 

P3 -P3 3 [Port 3] 

4-bit latched three-state output port. Leave unused pins 
open. 

P4 -P4 3 [Port 41- 
4-bit latched three-state output port. Can also perform 
8-bit parallel I/O with port 5. In input mode, connect 
unused pins to Vqd or GND. In output mode, leave 
unused pins open. 

P53-P5 [Port 5] 

4-bit input/latched three-state output port. This port 
also performs 8-bit parallel I/O with port 4. In input 
mode, connect unused pins to Vss or V D r> In output 
mode, leave unused pins open. 



P63-P60 [Port 6] 

4-bit input/latched three-state output port. The port 6 
mode select register configures individual lines as 
inputs or outputs. In input mode, connect unused pins 
to Vss or Vqd- In output mode, leave unused pins open. 

P7 -P7 3 [Port 7] 

4-bit input/latched three-state output port. In input 
mode, connect unused pins to Vss or V D d. In output 
mode, leave unused pins open. 

X2, X1 [Crystal Clock/External Event Input] 

For crystal clock operation, connect a crystal oscillator 
circuit to input X1 and output X2. For external event 
counting, input external event pulses to input X1 while 
leaving output X2 open. If X1 is not used, leave it open. 
If X2 is not used, connect it to ground. 

CL1, CL2 [System Clock Input] 

Connect an 82 kQ resistor across CL1 and CL2, and 
connect a 33 pF capacitor from CL1 to Vss (200 kHz). 
Alternatively, connect an external clock source to CL1 
and leave CL2 open. If CL1 is not used, connect it to 
Vss- 

RESET [Reset] 

A high level input to this pin initializes the^PD7508A 
after power up. 

INT1 [Interrupt 1] 

External rising edge-triggered interrupt. Connect to 
Vss if unused. 

Vdd [Power Supply] 

Positive power supply. Apply a single voltage in the 
range 2.7 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 



3-142 



NEC 



//PD7508A 



Block Diagram 



PO3/S1 
P02/S0 , , 
poi/sck 




/* PortO j/y- )=il 

V Buffer N, 1 

N | I N POo-PI 



/*\ Peril 



O p10 "' 



^ 



Port 2 | K. P2 /PSTB 

P21/PTO! 
P22, P23 



Latch 4 > P21/PTOUT 
Buffer I V 



a Port 4 /Ll\ 
Latch ( 4 \ P4 -P4 3 
Buffer \fV 



I K Port 3 K 

_> Latch 4 \ P30-P33 
V Buffer V 



DPort 5 /LK 
Latch ( 4 \p5o-PS 3 
Buffer \TK 



PPort 6 /LK 
Latch ( 4 > 
Buffer \fV 



AJ\ Port 7 /LK 
( ) Latch ( 4 > P70-P73 
NV Buffer V/ 
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Functional Description 

Program Memory 

Figure 1 is a map of the 4096 x 8-bit program ROM. 



Figure 1. Program Memory Map 



Address 
[Decimal] 

MSB 


lse 


Address 
[HEX] 


RESET Pulse vectors program 
execution to address O0H. 

INTt [Internal Timer/Event 
Counter Interrupt] vectors 
program execution to address 
01 OH. 

INTS or INTO vectors program 
execution to address 020H. 

INT1 [External Interrupt 1] 
vectors program execution 
to address 030H. 

LHLT Instruction 
Reference Table 

CALT Instruction 
Reference Table 

Last address for 
CALL instruction 
entry of the 
juPD7508A 

83-002991 B 



16 
32 
48 

192 

207 
208 

255 

2047 
4095' 


7|.|.|«| 


3 | 2 | 1 | 


000H 
010H 
020H 
030H 

0C0H 

OCFH 
0D0H 

OFFH 

7FFH 
FFFH 
























r i 
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Clock Control Circuit 

The clock control circuit (figure 2) consists of a 4-bit 
clock mode register (bits CMi and CM2), prescalers 1 , 
2, and 3, and a multiplexer. It takes the output of the 
system clock generator (CL) and count clock generator 
circuit (I). It also selects the clock source and divides 
the signal according to the setting in the clock mode 
register. It outputs the count pulse (CP) to the 
timer/event counter. 

Table 1 lists the codes set in the clock mode register by 
the OP or OPL instruction to specify the count pulse 
frequency. Bit CM3 controls the timer out F/F; it is 
disabled when the bit is and output when the bit is 1 . 
When you set the clock mode register with the OP or 
OPL instruction, clear the high-order two bits of the 
accumulator. 



Table 1. 


Selecting the Count Pulse Frequency 


CM 2 


CM, 


CM 


Frequency Selected 











CL/256 








1 


X/64 





1 





X 





1 


1 


X 


1 








CL/32 


1 





1 


X/8 


1 


1 





Not used 


11 1 Not used 






CM3 




Timer F/F Signal 









Enabled 


1 Disabled 



Figure 2. Clock Control Circuit 
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Prescaler 1 
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Prescaler 2 
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Prescaler 3 
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Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer out flip flop, as shown in figure 3. 

The 8-bit count register is a binary 8-bit up counter 
which is incremented each time a count pulse is input. 
The TIMER instruction, a RESET signal, or an INTT 
coincidence signal clears it to 00H. 

The 8-bit modulo register determines the number of 
counts the count register holds. The TAMMOD 
instruction loads the contents of the modulo register. 
RESET sets the modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register and those of the modulo register and 
outputs an INTT when they are equal. 

Figure 3. Timer/Event Counter 
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Serial Interface 

The 8-bit serial interface allows the //PD7508A to 
communicate with peripheral devices such as the 
/uPD7001 A/D converter, the yuPD7227 dot matrix LCD 
controller/driver, and other microprocessors or micro- 
computers. Figure 4 shows the serial interface. 

The s erial interface consists of an 8-bit shift register, a 
3-bit SCK pulse cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 



Figure 4. Serial Interface 
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Interrupts 

The//PD7508A has four vectored, prioritized interrupts. 
Two of these interrupts, INTT and INTS, are internally 
generated from the timer/event counter and serial 
interface, respectively. INTO and INT1 are externally 
generated. Table 2 is a summary of the four interrupts. 
Figure 5 is a block diagram of the interrupts. 



Table 2. /jPD7508A Interrupts 



Source 


Function 


Location 


Priority 


ROM Vector 
Address 


INTT 


Coincidence in 
timer/event counter 


Internal 


1 


10H 


INTS 


Transfer complete 
signal from serial 
interface 


Internal 


2 


20H 


INTO 


INTO pin 


External 


2 


20H 


INTT 


INT1 pin 


External 


3 


30H 



Figure 5. Interrupt Block Diagram 



~Q -iRF 
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INTS - 




Sync 
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Detect 
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Edge 
Detect 



^EH 



Nonsync 
Edge 
Detect 



d>! 



s INT1 

R RQF 



f04 



INTO/S 
RQF 



^ 



INTT 
RQF 



'Command Instruction 



Int Enable I "" 

R eg I Master 

a I Enable 

OS 1 . L F/F _ 



7\ 



y> 



o- 



&>d 



Priority 
Control 



Vector 
Address 
Generator 



£> 



m Standby 
Release 
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System Clock and Timing Circuitry 

Timing forthe//PD7508A is internally generated except 
for a frequency reference, which can be an RC circuit 
or an external clock source. Connect the frequency 
reference to the on-chip oscillator for the feedback 
phase shift required for oscillation. Figure 6 shows the 
connection for an RC circuit. Figures 6 and 7 show the 
connection for the frequency reference. 

The internal oscillator generates a frequency in the 
range 60 kHz to 300 kHz depending on the frequency 
reference. For example, at Vdd = 5 V, an 83 kQ resistor 
and a 33 pF capacitor generate a frequency of 200 kHz. 
The oscillation frequency is fed to the clock control 
circuit. It is divided by two and the resulting signal is 
fed to the CPU and serial interface as shown in figure 8. 

Table 3 shows the operating status of the various logic 
blocks under the three power down modes. 



Figure 6. RC Circuit Frequency Reference 









CL1 
CL2 


VjSO -■ || -» 




83-002994A 



Figure 7. 


External Clock Frequency Reference 








External 
Source 

Open-* 


CL1 
CL2 




83-002995A 



Figure 8. System Clock Circuitry 



Crystal Clock 
Oscillator 



CL1- 
CL2- 
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Table 3. Power Down Operating Status 



Power Down Mode 
Logic Block 


HALT 


STOP 


Data Retention 


System clock 


(D 


Disabled 


Disabled 


X2 


Normal 


Normal 


Disabled 


CPU 


Disabled 


Disabled 


Disabled 


RAM 


Data retained 


Data retained 


Data retained 


Internal registers 


Data retained 


Data retained 


Data retained 


Timer/event 
counter 


Normal 


(3) 


Disabled 


Serial interface 


(2) 


(2) 


Disabled 


INTO 


Normal 


Normal 


Disabled 


INT1 


Normal 


Disabled 


Disabled 


RESET 


Normal 


Normal 


(4) 



Absolute Maximum Ratings 

T A = 25°C 



Note: 

(1) Supplied to timer/event counter but not to CPU or serial 
interface. 

(2) Can function normally if the serial MSR is set to get the SCK 
signal externally or from the TOUT signal. 

(3) Can function normally if the clock MSR is set to use X1 as the 
source for the count pulse. 

(4) You must raise RESET while Vqd is lowered to enter data 
retention mode. Raise RESET when Vqq is raised, then lower it to 
end the data retention mode. INTT, INTO, INTS or RESET 
releases STOP mode. RESET or any interrupt releases HALT 
mode. 



Operating temperature, TnpT 




-10 to 70 6 C 


Storage temperature, Tstg 




-65to150°C 


Power supply voltage, Vqq 




-0.3 to +7.0 V 


Input voltage, V| 
Except ports 4-6 
Ports 4-6 


v D d- 


-0.3 to V DD + 0.3 V 
- 40 to V D d + 0.3 V 


Output voltage, Vn 
Except ports 3-6 
Ports 3-6 


v D d- 


-0.3 to V UD + 0.3 V 
- 40 to V UD + 0.3 V 


Output current, high, Ioh 
Single port, one pin except ports 3-6 
Single port, one pin ports 3-6 
All port pins 




-17 mA 

-30 mA 

-150 mA 


Output current, low, lni_ 
One pin 
All port pins 




17mA 
50 mA 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

T A = 25°C,V DD = 0V 






Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Input capacitance 


C| 




15 


pF 




Output capacitance 


Co 




15 


pF 


Except port 3 




Co 




35 


PF 


Port 3 


I/O capacitance 


c l0 




15 


PF 


Except ports 
4-6 




C|0 




35 


pF 


Ports 4-6 
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DC Characteristics 

T A =-10 to +70°C, V DD = 2.7 to 5.5 V 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 



Input voltage, high 



Output voltage, high 



V|H1 



V|H2 



V|H3 



V|H3 



V|H3 



VOH 



VOH 



V H 



0.7 V DD 



V DD -0.5 



0.7 V DD 



Vdd-0.5 



2.5 



Vqd-1.0 



V D d-2.0 



Vdd-0.5 



Vdd 



Except CL1.X1, ports 4-6 



Vdd 



CL1.X1 



Vdd 



Ports 4-6; Vdd = 4.5 to 5.5 V 



Vdd 



Ports 4-6; V DD = 3 to 4.5 V 



Vdd 



Ports 4-6; V D d = 2.7 to 3 V 





VlHDR 


0-9 VddDR 


VddDR + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 





0.3 v DD 


V 


Except CL1.X1, ports 4-6 




V|L2 





0.5 


V 


CL1,X1 




V|L3 


Vdd -35 


0.3 V DD 


V 


Ports 4-6 



Except ports 3,6; Ioh = 10 mA , 
V 0D = 4.5 to 5.5 V 



Ports 3, 6; I h = -8.0 mA; 
V DD = 4.5 to 5.5 V 



Ioh = -100 M; 

V DD = 2.7 to 5.5 V 



Output voltage, low 



Vol 



Vol 



0.4 



0.5 



Except ports 3, 6; Iol = 1-6 mA, 
V D d = 4.5 to 5.5 V 



Except ports 3, 6; Iql = 400 pA; 
V D d = 2.7 to 5.5 V 



Input leakage current, 
high 



"LIH1 



"LIH2 



'LIH3 



60 



M 



Except CL1.X1, ports 4-6; 
V| = V DD 



//A 



CL1,X1;V| = V DD 



A/A 



Ports 4-6; V| = V DD 



Input leakage current, 
low 



Supply current 



'liu 



■lIL2 



>DD1 



'dddr 



-10 



300 



900 



0.3 



A/A 



Except CL1.X1, ports 4-6; 
V| = V 



M 



CL1,X1;V| = 0V 





IUL3 




-30 


/"A 


Ports 4-6; V| = V DD - 35 V 


Output leakage current, 
high 


'LOH1 




3 


//A 


v ==v DD 

Except ports 4-6 




'LOH2 




30 


/"A 


Ports 4-6; V = V DD 


Output leakage current, 


I LOU 




-3 


/"A 


v = ov 


low 


'LOL2 




-30 


A/A 


Ports 3-6; V = V DD - 35 V 


Supply voltage 


Vdddr 


2.0 




V 


Data retention mode 



//A Normal operation, Vdd = 

5 V ±10%; R = 82 kO ±2%, 
C = 33 pF ±5% 



'DD1 


70 


300 


A/A 


Normal operation, Vdd = 
3 V ±10%; R = 160 kfi ±2%, 
C = 33pF±5% 


'DD2 


1 


20 


M 


Stop mode, V DD ==5V±10% (1) 


'DD2 


0.3 


10 


A/A 


Stopmode,V DD = 3V±10%(1) 



A/A 



Data retention mode 
v 0DD r = 2.ov 



Note: 

(1) X1 = O V; ports 4-6 output disabled or low level input. 
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AC Characteristics 

T A = -10 to 70°C, V DD = 2.7 to 5.5 V 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 



System clock frequency fee 



Counter clock 
frequency 



f xx 



SCK cycle time 



kc\ 



*KCY 



tKCY 



150 



200 



240 



kHz CL1 , CL2, RC clock, R = 82 kn ±2%; 

C = 33 pF ±5% V DD = 5 V ±10%, 
I AC/°CI<60ppm 



fee 


75 


100 


120 


kHz 


CL1, CL2, RC clock, R = 160 kO ±2%; C = 
33 pF ± 5% V DD = 3 V ±10%, I AC/ °C I < 
60 ppm 


f cc 


75 




135 


kHz 


CL1, CL2, RC clock, R = 160 kn ±2%; 
C = 33 pF ±5% I AC/ °C I < 60 ppm 


k 


10 




410 


kHz 


CL1, external clock, 50% duty, 
V DD = 4.5 to 5.5 V 





fc 


10 


125 


kHz 


CL1, external clock, 50% duty, 
V DD = 2.7V 


System clock rise and 
fall times 


l CR. tCF 




0.2 


us 


CL1, external clock 


System clock pulse width 


f CH. *CL 


1.1 


50 


us 


CL1, external clock, Vqd = 4.5 to 5.5 V 




tfJH. l CL 


3.5 


50 


//S 


CL1, external clock, Vqd = 2.7 V 




25 



32 



50 



kHz 



X1, X2, crystal oscillator 



3.0 



5.0 



7.0 



key 



14.0 



410 



kHz 



X1, external pulse input 
50% duty, V DD = 4.5 to 6.0 V 





fx 





135 


kHz 


X1, external pulse input 
50% duty, V DD = 2.7V 


Counter clock rise and 
fall times 


tXR. tXF 




0.2 


/US 


X1, external pulse input 


Counter clock pulse width 


t-XH- l XL 


1.1 




/US 


X1 , external pulse input, Vqd = 4.5 to 5.5 V 




tXH> l XL 


3.5 




A/S 


X1 , external pulse input, Vno = 2.7 V 


Port 1 output setup 
time to PSTB t 


tpST 


d) 




fJS 


V D = 4.5to5.5V 


tpST 


(2) 




(JS 




Port 1 output hold 


l STP 


0.1 




fJS 


V DD = 4.5 to 5.5 V 


time from PSTB high 


tSTP 


0.1 




/JS 




PSTB low pulse width 


{ STL 


(D 




flS 


V DD = 4.5 to 5.5 V 




tSTL 


(2) 




fJS 





//S 



SCK as input, V DD = 4.5 to 5.5 V 



/JS 



SCK as output, V DD = 4.5 to 5.5 V 



/US 



SCK as input 



/JS 



SCK as output 



SCK pulse width 



l KH> l KL 



1.3 



l KH> l KL 



2.2 



kn. 1 kl 



3.3 



{ KH. l KL 



6.5 



/JS 



SCK as input, V DD = 4.5 to 5.5 V 



/JS 



SCK as output, V DD = 4.5 to 5.5 V 



/JS 



SCK as input 



/JS 



SCK as output 
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AC Characteristics (cont) 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


SI setup time to SCK high 


tSIK 


0.3 






M S 




SI hold time after SCK high 


tKSI 


0.45 






(IS 




SO delay time alter 


l SKO 






0.85 


A/S 


V DD = 4.5 to 6.0 V 


SCK low 


tSKO 






1.2 


us 




INTO pulse width 


t|0H 


10 






(IS 






t|0L . 


10 






fjS 




INT1 pulse width 


t|1H 


(3) 






(JS 






t|1L 


(3) 






/US 




RESET pulse width 


l RSH 


10 






(IS 






tRSL 


10 






A/S 




RESET high set up time 


tSRS 









ns 




RESET high hold time 


l HRS 









ns 





Note: 

(1 ) fee/ 2 — 0.8 or f c /2 — 0.8 

(2) f cc /2 - 0.3 or f c /2 - 0.2 

(3) 2/f CC or2/f c 
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Timing Waveforms 

Timing Test Points 



External Interrupts 
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0.7 V D D 
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■« — tsiK — « 


•)»-tKSI-» 








f Valid \ 
^ Input Data } 
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83-003316A 
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Hocfe 
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RESET > 
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Operating Characteristics 



f vs R 



iDDvsVDD [HALT Mode] 



500 HI- 




50 100 200 

Resistance, R [kfi] 



200 i — (> 




Supply Voltage, Vdd [V] 











fee vs Vdd 






| CL2 CL1 | 






R = 82 kfi 
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Uv/_ 




o 
o 




/; 


7 


33 pF 






3 

I 
U. 

c 










R = 160 Kfi 


8 

o 

























IDD vs VDD [STOP Mode] 




Supply Voltage, Vdd [V] 



Supply Current, Vdd [V] 
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juPD7514 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER WITH 

LCD CONTROLLER/DRIVER 



Description 

The J/PD7514 is a 4-bit single-chip microcomputer with a 
4-bit ALU, a 4K x 8-bit program memory (ROM), a 
256 x 4-bit data memory (RAM), an 8-bit serial interface, 
a programmable 8-bit timer/event counter, an LCD 
controller/driver, and 31 general purpose I/O lines. 

The LCD controller/driver supervises all of the timing re- 
quired by 32 segment drivers and 4 common drivers, for 
biplexed/triplexed LCD ( 1 /2 bias method) or triplexed/ 
quadriplexed LCD ( 1 /3 bias method). 

The instruction set includes transfer and increment/ 
decrement instructions to directly address memory, 
memory bit manipulation instructions, test instructions 
for bit test and data comparison, memory reference in- 
structions with automatic register increment/ 
decrement functions, table look-up instructions, load 
instructions with a string effect, and multi-branch in- 
structions. 

The /nPD7514 allows the organization of any system with 
the least additional circuitry. It is suited for the follow- 
ing applications: 

• Telephones 

• Personal radio equipment 

• Automobile equipment (electric) 

• High-grade electronic calculators 

• Electronic games 

• VCRs 

Features 



□ 



□ 



92 powerful instructions 
Instruction cycle 5^s at 400 kHz, 5 V 
Interrupts 

- 2 external: INTO, I NT1 

- 2 internal: INTT (timer/event counter) 

INTS (serial interface) 
Programmable 8-bit timer/event counter 

- Time base count operation 

- External event count operation 

8-bit serial interface (three serial clocks) 
LCD controller/driver 

- Static method 

- Biplexed/triplexed LCD (V2 bias method) 

- Triplexed/quadriplexed LCD (V3 bias method) 

- Common outputs (strobe): 4 lines (COM0-COM3) 

- Segment outputs (data): 32 lines (S0-S31) 
Standby operation 

- Stop and halt modes 



□ I/O ports 

- 4-bit input port (POqI INTO, PO1/SCK, P0 2 /SO, 
PO3/SI) 

- Strobed 4-bit I/O port (PI0-P I3) 

- 3-bit output port (P2 /PSTB, P2VPTOUT, P2 2 ) 

- 4-bit output port (P3 -P33) 

- 4-bit I/O ports (P4 -P4 3 , P5o-P5 3 , P60-P63, 
P7 -P7 3 ) 

□ On-chip RC oscillator for system clock 

□ Crystal oscillator input pins 

□ CMOS technology 

□ Low power consumption 

□ Single power supply (2.7 V to 6.0 V) 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


A/PD7514G-12 80-pin plastic miniflat 


500 kHz 




Pin Configuration 



o. o. a a. a. 



P41C ' 

P40C 2 

X2C 3 

X1C 4 

VLC3C 5 

VLC2C 6 

V L C1 C 7 

COM3C 8 

COM2C 9 

COM1 Z. 10 

COMoC Tt 

S31C 12 

S30C 13 

S29 C M 

S28C 15 

S27C 16 

S26 C 17 

S25C 18 

S24C 19 

S23C 20 

S22C 21 

S21C 22 

NCC 23 

S20C 24 



.nnnnnnnnnn 

' 80 79 78 77 76 75 74 73 72 71 



a. a. o. a. a. a. a. 



n n n n n n 



70 69 68 67 66 65 



o 



25 26 27 28 29 30 31 32 33 34 

UUUUULILIuuu 



35 36 

TTTT 



37 38 

TTTT 



39 40 

TTTT 



64 3 

63 I] 

62 3 

61 H 

60 D 

59 3 

58 U 

57 3 

56 3 

55 3 

54 3 

53 3 

52 3 

51 3 

50 3 

49 3 

48 3 

47 3 

46 3 

45 3 

44 3 

43 Hi 

42 HI 

41 3! 



VSS 
P32 
P33 

Plo 

P11 

P1 2 

P13 

P2o/PSfB 

P21/PTOUT 

P22 

P7 

P71 

P72 

P73 

CL2 

CL1 

RESET 

INT1 

So 

Si 

S2 



M$&£j>$%fi§fi£ft8«>">v> 
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Pin Identification 



No. 


Symbol 


Function 


1,2,79,80 


P4 -P4 3 


l / port 4 


3,4 


X1, X2 


Crystal clock 


5-7 


V LC1" V LC3 


LCD bias voltage input 


8-11 


COM0-COM3 


LCD common output 


12-22, 24-32, 
34-41, 43-46 


s 0" s 31 


LCD segment output 


33 


Vdd 


Power supply positive 


47 


INT1 


External interrupt input 


48 


RESET 


Reset input 


49,50 


CL1, CL2 


System clock 


51-54 


P7 -P7 3 


I/O port 7. 


55 
56 
57 


P2 2 

P^/PTOUT 

P2 /PSTB 


3-bit output port 2. PTOUT is the timer 
F / F output. PSTB is the strobe output. 


58-61 


P10-P13 


I/O port 1 


62,63,65,66 


P3 -P3 3 


I/O port 3 


64 


VSS 


Ground 


67 
68 
69 
70 


PO3/SI 
P0 2 /S0 
PO^SCK 
POq/INTO 


4-bit input port 0. Serial input. Serial 
output. Serial clock I/O. Interrupt 
request input. 


71-74 


P60-P63 


I/O port 6 


75-78 


P5 -P5 3 


I/O port 5 


Status of Unused Pins 


Name 




Pin Connection 


CL2 




Open 


X1 




Vss 


X2 




Open 


INT1 
P0 /INTO 




Vss 


PO^SCK 
P0 2 /S0 
P0 3 /Sl 
P10-P13 




Vss or Vdd 


P2 /PSTB 
P2VPT0UT 
P2 2 
P3 -P3 3 




Open 


P4 -P4 3 
P5 -P5 3 
P60-P63 
P7 -P7 3 




Input mode: Vss or Vqd 
Output mode: Open 


S(T S 31 
COM0-COM3 

V LC1 _V LC3 




Open 



Pin Functions 

POo-P03(PortO) 

This is the 4-bit input port 0. The pins also ope rate a s the 
interrupt input (INTO/POo), serial clock I/O (SCK/PO-0, 
and serial data output (SO/PO2) and input (SI/PO3). 

P1o-Pl3(Port1) 

This is the 4-bit I/O port 1. Data on these lines is loaded 
into the accumulator by execution of a port input in- 
struction (IP, I PI, IPL). The contents of the accumulator 
are output by the execution of a port output instruction 
(OP, OPL). Port 1 does not have an output latch. When a 
port output instruction is executed, the strobe signal, 
which is used for latchi ng out put d ata ex ternally, is au- 
tomatically output from PSTB. The PSTB signal is suit- 
able for data output to memory or peripheral circuits 
requiring write strobe signals. Port 1 is usually held high 
impedance, and is driven for output with a port output 
instruction. 

P2 -P2 2 (Port2) 

This is the three-state 3-bit latched output port 2. Follow- 
ing RESET, these pins become high impedance. 

When port 1 is outp utting data, P2rj operates as the write 
strobe output (P2 / PSTB). P2i is the output (P2V PTOUT) 
for the timer flip-flop signal (TOUT). 

P3o-P3 3 (Port3) 

This is the 4-bit latched output port 3. On RESET, the 
contents of the output latches become undefined and 
the output goes high impedance. 

P4 -P4 3 (Port 4), P5 -P5 3 (Port 5) 

Ports 4 and 5 are both 4-bit latched I /O ports. Ports 5 and 
4 can be treated as a pair, and can input or output 8-bit 
data (by an IP54 or OP54 instruction) between the accu- 
mulator and memory (addressed by the HL register). 

A RESET or input instruction will place these ports in 
input mode (high impedance). On RESET, the output 
latch contents become undefined. 

If data is input to an I/O port just after changing it from 
output to input mode, data on the line at the execution 
of the first input instruction may be unstable. Accord- 
ingly, the first input data just after the modification 
should be ignored. Executing the input instruction 
again will insure the data is stable. 
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P6o-P63(Port6) 

This is the 4-bit latched I/O port 6. Each line can be set 
as an input or output using the port 6 mode register 
(PM3-PM0). Port 6 performs data I/O to and from the ac- 
cumulator in 4-bit units. An output instruction will 
cause the output latches to latch the contents of the ac- 
cumulator. Then the contents of the output latch at the 
bit position that the PM R designates as being in the out- 
put mode are output from the pins via the output 
buffers. The other pins are high impedance (input). 

P7 -P7 3 (Port7) 

This is the 4-bit latched I/O port 7. An input instruction 
reads port data into the accumulator. An output instruc- 
tion latches and outputs the accumulator contents. A 
RESET or input instruction will place port 7 in input 
mode (high impedance). 

INTO (Interrupt 0) 

This input is the rising-edge-triggered external interrupt. 
It has a Schmidt-trigger input in order to decrease noise. 
Setting bit 3 of the shift mode register (SM3) low level 
selects INTS; setting it high selects INTO. INTO can be 
used in both stop and halt modes. 

I NT1 (Interrupt 1) 

INT1 is the rising-edge-triggered external interrupt input. 

X1,X2 (Crystal Clock) 

X1 and X2 are the crystal connection pins for the count 
clock generator. An external clock may be input to X1 di- 
rectly, in which case X2 must be open. 

CL1.CL2 (System Clock) 

CL1 and CL2 are the resistor and capacitor connection 
pins for the system clock generator. An external clock 
may be input to CL1 directly, in which case CL2 must be 
open. 



S0-S31 (Segment) 

These segment signal outputs directly drive the LCD 
segment lines. They are used for biplexed/triplexed 
LCD ( 1 /2 bias method) and triplexed/quadriplexed LCD 
(V3 bias method). 

COM0-COM3 (Common) 

These outputs directly drive common (backplane) LCD 
lines via the following strobe signals: 

• V2 bias method: biplexed (COMrj, COM-|), triplexed 
(COM0-COM2) 

• V3 bias method: triplexed (COM0-COM2), quadri- 
plexed (COM0-COM3) 

VLC1. v LC2, V|_C3 (LCD Power Supply) 

These pins are the LCD bias voltage supply. Based on 
applied voltages to these pins, the on-chip LCD 
controller/driver generates segment and common sig- 
nals to the LCD. The bias voltage configuration for the 
V2 bias method is different from that for the V3 bias 
method. 

RESET 

A high level input to this pin resets the ^PD7514. 

VDD 

Positive power supply. 

vss 

Ground. 
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Block Diagram 



X1 X2 

i_i 



Count 

Clock 

Generator 



TV 

LCDCL' TOUT 



n 



SO/P02 
INT1 INTOfPOo SCK/POi i SI/POs 

1_L 



\z 



7\ 



K/POi i Sl/F 

it t 



Z\ 



5V 



7X 



Program Counter (12) 



H 



CL $ 

J L 



System 
Clock 



\ r 



5Z 



V 




A(4) 



D(4) 


E(4) 


H(4) 


L(4) 


Stack Pointer (8) 



Data Memory 
256x4 Bits 



t t t 

RESET V D D Vss 



LCD Controller Driver 



7\ 



\7 

VLC1-VLC3 COM0-COM3 S0-S31 



VV l ^ T vV 

1\ I Port2 I K 

} Utch 3 > 
1/ Buffer — 1/ 

1\| Ports I 1\ 

y utch 4 > 

1/ Buffer 1/ 

A— K I Port4 1/1 \ 

< > Utch < 4 > 

\i— 1/ |, Bul<er | \rv 

/I— K I Ports I/I— \ 

< > Utch < 4 > 
\n/ l Buffer I Xl-y^ 

VI— 1\ I Porte l/L-K 

C > Utch < 4 > 

\r— y< \ Buffer I NrV^ 

A T\ Port7 A K 

/ > Utch < 4 > 

\r— 1/ Buffer \^/ 



PO0-PO3 



P2q-P 2 2 

PSTB/P2o 

PTOUT/P21 



P3o-P3 3 



P4Q-P43 



P50-P53 



P70-P73 
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Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vdd 


-0.3Vto+7V 


Input voltage, V| 


-0.3VtoV DD +0.3V 


Output voltage, Vo 


-0.3VtoV DD +0.3V 


Output current high, Iqh 
Per pin 


-5 mA 


Total, all output ports 


-50 mA 


Output current low, Iol 
Per pin 


15 mA 


Total, Ports 0, 4, 5, 6, P3 , P3-| 


40 mA 


Total, Ports 1, 2, 7, P3 2 , P3 3 


40 mA 


Operating temperature, Tqpt 


-10°Cto+70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T A = -10°Cto +70°C,V D D = 2.7Vto6V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Input voltage Vim 0.7 Vpo Vdd 

high 



V 



Except X1.CL1, 
RES, INTO, INT1, 
SI.SCK 



V| H2 0.8V DD 



Vdd 



RES, INTO, INT1, 
SI.SCK 



V|H3 V DD-0.5 



Vdd 



X1, CL1 



Input voltage Vili 
low 







0.3V DD V 



Except X1.CL1, 
RES, INTO, INT1, 
SI, SCK 



V|L2 



0.2 V DD 



RES, INTO, INT1, 
SI.SCK 





V|L3 







0.5 


V 


X1, CL1 


Output voltage 
high 


V H 


Vdd- 


-1.0 




V 


V D D=4.5to6.0V; 
IOH=-10mA 




Vdd- 


-0.5 




V 


I O h = -100]uA 


Output voltage 
low 


Vol 






0.4 


V 


V D D=4.5to6.0V; 
l L=1.6mA 








0.5 


V 


IOL=400^tA 


Input leakage 
current high 


l|_IH1 






3 


1* 


V|=Von except X1, 
CL1 




'LIH2 






10 


nA 


V| = V DD ;X1,CL1 


Input leakage 
current low 


■lili 






-3 


M A 


V| = 0V except X1, 
CL1 




'LIL2 






-10 


^ 


X1, CL1 



Output leakage Iloh 
current high/ 
low 

'lol 



mA Vo=v dd 



-3 yA V = 0V 



DC Characteristics (cont) 

T A = -10°CtO +70°C,V DD = 2.7Vto6V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Common output 
impedance 


R C0M 




3 


5 


kS 


V D D = 4.5to6.0V 






5 


15 


kQ 




Segment output 
impedance 


Rs 




15 


20 


kQ 


V D D = 4.5to6.0V 






20 


60 


kQ 





Supply current Iddi 



600 1800 ^A 



Operating mode 
V DD =5V ±10%; 
R = 39kQ ±2%; 
C = 33pF ±5% 



70 



210 nA 



Operating mode 
V D d=3V ±10%; 
R = 160kQ ±2%; 
C = 33pF ±5% 



'DD2 



300 900 mA 



Halt mode 
X1 = 0V; 

V D d=5V ±10%; 
R = 39kQ ±2%; 
C = 33pF ±5% 



E 



35 



100 yA 



Halt mode 
X1 = 0V; 

V DD =3V ±10%; 
R = 160kQ ±2%; 
C = 33pF ±5% 



'DD3 



1.0 



20 



MA 



Stop mode 
X1 = 0V; 
V D d=5V i 



10% 



0.3 



MA 



Stop mode 
X1 = 0V; 
V DD =3V d 



10% 



Capacita 

T A = 25°C;V D[ 


nee 

) = OV 














Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input 
capacitance 


C| 






15 


PF 


{Note 1) 


Output 
capacitance 


Co 






15 


PF 


(Notel) 


I / capacitance C|q 






15 


PF 


(Note 1) 



Note: 

(1) f c = 1 MHz. Return unmeasured pins to V. 
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AC Characteristics 

T A = -10°CtO +70°C,V DD = 3Vto6V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



System clock f cc 300 400 500 

oscillation (CL1, 

CL2) 



kHz C = 33pF ±5%, 
|AC/°C|<60ppm 
R=39kS ±2%, 
V D d=5V ±10% 



75 100 120 



kHz C = 33pF ±5%, 
|AC/°C|<60ppm 
R=160kS ±2%, 
V DD =3V ±10% 



System clock 
input frequency 


fc 


10 


510 


kHz 


V DD =4.5Vto 
6.0V, Duty=50% 


(CL1) 


10 


150 


kHz 


Duty =50% 


CL1 input rise 
time 


trjR 




0.2 


us 




CL1 input fall 
time 


tCF 




0.2 


^s 




CL1 input pulse 
width high 


l CH 


0.9 


50 


MS 


V DD -4.5Vto 
6.0V 




3.2 


50 


MS 




CL1 input pulse 
width low 


tCL 


0.9 


50 


MS 


V DD =4.5Vto 
6.0V 




3.2 


50 


MS 




Count clock 
oscillation 
frequency (X1, 
X2) 


'xx 


25 32 50 


kHz 


C1 = 20 pF 

C2 = 30pF 
R = 220kQ 
(Note 1) 


Count clock 
input frequency 


k 





500 


kHz 


V DD =4.5to6.0V, 
Duty =50% 


(X1). 





150 


kHz 




X1 input rise 
time 


l XR 




0.2 


MS 




X1 input fall time txp 




0.2 


MS 




X1 input pulse 
width high 


*XH 


0.9 




MS 


V DD = 4.5Vto 
6.0V 




3.2 




MS 


V DD =2.7V 


X1 input pulse 
width low 


tXL 


0.9 




MS 


V DD =4.5Vto 
6.0V 






3.2 




MS 


V DD = 2.7V 


Port 1 output set 
up time to 


- IPST 


(2) 




MS 


Vrjrj=4.5Vto 
6.0V 


PSTBt 




(3) 




MS 




Port 1 output tsip 
hold after PSTBt 


0.1 




MS 


V DD =4.5Vto 
6.0V 






0.1 




MS 







Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


PSTB pulse 
width low 


l STL 


(2) 






ns 


V D D=4.5Vto 
6.0V 






(3) 






MS 





SCK cycle time t K cy 3.0 



4.0 



8.0 



13.0 



SCK pulse width t KH 
high 



1.3 



3.8 



6.3 



SCK pulse width t KL 
low 



1.3 



3.8 



MS 



Input V DD =4.5V 
to 6.0 V 



MS Output 



MS Input 



MS Output 



MS 



lnputV DD =4.5V 
to 6.0 V 



MS Output 



MS Input 



MS Output 



MS 



lnputV Dr j=4.5V 
to 6.0 V 



MS Output 



MS Input 







6.3 




MS 


Output 


SI set-uptime 
(to SCK t) 


tSIK 


300 




ns 




SI hold time 
(after SCKt) 


l KSI 


450 




ns 




SO output delay 
time (after 


tKSO 




850 


ns 


V DD =4.5Vto 
6.0V 


SCKi) 




1200 


ns 




INTO pulse 
width high 


t|OH 


10 




MS 




INTO pulse 
width low 


l IOL 


10 




MS 




INT1 pulse width t^H 
high 


(4) 




MS 




INT1 pulse width t|ii_ 
low 


(4) 




MS 




RESET pulse 
width high 


l RSH 


10 




MS 




RESET pulse 
width low 


tRSL 


10 




MS 





Note: 

(1) See recommended clock circuit on next page. 

(2) 1/2f cc -0.8or1/2f c -0.8 

(3) 1/2 f cc - 2.0 or 1/2 f c - 2.0 

(4) 2/f cc or2/f c 
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Recommended Clock Circuit 




AC Timing Test Points 



X0.7Vdd^^ Test ^— 0.7V DD \/" 
0.3 Vdd-*-^ Points ^^«-0.3Vdd^ 



Data Retention Characteristics 

T A =-10°Cto+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Data retention 
supply voltage 


Vdddr 


2.0 






V 




Data retention 
supply current 


Idddr 




0.3 


10 


ma 


V DDDR = 2V 


Data retention 
RESET input 
voltage high 


V IHDR 


0.9 x 
V DDDR 




V DDDR 
+0.2 


V 




RESET set-up 
time 


l SRS 









ns 




RESET hold time 


tHRS 









ns 





Timing Waveforms 

Data Retention Mode Timing 





Stop 




Operation 




Mode 

„ Data Retention 

Mode 




Mode 










) V,H, 

Stop / 
Instruction / 
Mode / 
V|L17^ 


c~ 


S\ VDDDR /f 


-> 


r-V|H1 
VviL1 


VlHDR 


— 


tSRS 


^- — 


tHRS 


— 


Note: 

In data retention mode, all inputs (except RESET) should be made lower level than Vdddr- 


83-002918A 



Clock Timing 



CL 
Input 

XL 
Input 






r 

— tcF 

— tXF 

83-002917A 




■,'- 


- tCH ► 


•" tCR »- 




• tXL * 

-I 


tXH ► 


— tXR — * 








Serial Transfer Timing 



X F X 



J- Input 3 r 

TJ p Data j£ 



X 



Output Data 



X 
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Timing Waveforms (cont) 

Strobe OutputTiming 



PI0-P13 • 



< 



Output Data 



> 



-tpST- 



^^f 



Interrupt Input Timing 




RESET Input Timing 




Functional Description 

Program Counter (PC) 

This 12-bit binary counter, shown in figure 1, holds the 
address of the current instruction in program memory. 
When an instruction executes, the PC increments by the 
number of bytes in the instruction. RESET clears the 
PC toO. 

Figure 1. Program Counter Structure 



| PCtl I PC10 I PC9 I PCs | PC7 | PC 6 | PC5 | PC4 | PC3 | PC2 | PCj | PCp I PC 



Stack Pointer (SP) 

This 8-bit register (SP7-SP0) stores the top address of 
the data memory area used as a LIFO stack. The SP de- 
crements when a call (CALL, CALT) or a push (PSHDE, 
PSHHL) instruction executes, and at an interrupt gener- 
ation. It increments when a return (RT, RTS, RTPSW) or 
POP(POPDE, POPHL) instruction executes. 



Program Memory (ROM) 

This 4,096-word x 8-bit mask-programmable ROM 
stores programs and table data and is addressed by the 
PC. ROM address locations are from 000H to FFFH. 
Fixed locations are allocated to the RESET and inter- 
rupt start addresses, and table areas of the LHLT and 
CALT instructions. See figure 2. 

Figure 2. Program Memory Map 









83-003591A 


OOOH 
010H 
020H 
030H 

OCOH 

OCFH 
ODOH 

OFFH 

7FFH 
FFFH 


RESET Start Address 


a 




INTT Start Address 




INTO/S Start Address 




INT1 Start Address 




Subroutine 
Entry 


Look-up Table of 
LHLT Instruction 


Addresses 


Look-up Table of CALT 
Instruction (Call Address Table) 


J ' r 


, ; 


{ 











General Purpose Registers 

Registers D, E, H, and L operate in units of 4 bits, or they 
form the 8-bit pair registers DE, DL, and HL for use as a 
data pointer (D or H is the upper-order 4 bits). See 
figure 3. 

Pair register HL can perform the functions of automatic 
increment ( +1 ) and automatic decrement ( - 1 ) for the L 
register only. The L register is also used to specify I/O 
ports and mode registers when the I/O instruction (OPL, 
IPL) is executed. 

Figure 3. General-Purpose Register Configuration 





3 









3 











D 






E 












3 









3 











H 




L 
















83-OC 


3592A 



3-162 



NEC 



|L<PD7514 



Data Memory (RAM) 

This 256-word x 4-bit static RAM stores processing 
data and display data. It also operates with the accumu- 
lator to process data in 8-bit units. There are three types 
of data memory addressing: 

• Direct addressing is made by the second byte of the 
instruction. 

• Register indirect addressing is made indirectly by the 
contents of the register pair designated by an instruc- 
tion. 

• Stack indirect addressing is made by the contents of 
the SP. 

RAM resides at addresses OOH-FFH. Thirty-two of 
these locations (00H-1FH) are allocated for the LCD dis- 
play data area. When display data is written to 00H-1FH, 
the LCD controller/driver reads it and generates an LCD 
drive signal. Address locations 00H-1FH cannot be 
used as stack area. See figure 4. 



Figure 4. Data Memory Map 












Data Memory 


- 256 x 4 

83-003593A 


Direct/ 

Indirect 

Ar 


Display 

legister 
Address 
ea 

Stack 


(0) 
)ata Area 

(31) 


00H 
1FH 


32x4 


(32) 
Area 

(225) 


20H 
FFH 


224x4 









Addresses 20H-FFH in data memory can be used as a 
stack area at execution of a call or return instruction 
(CALL, CALT, RT, RTS, RTPSW), a push/pop instruction 
(PSHDE, PSHHL, POPDE, POPHL),oratan interrupt oc- 
currence. 

At the execution of a call instruction or an interrupt oc- 
currence, the contents of the PC and PSW are stored in 
the stack. At the execution of a push instruction, the 
contents of DE or HL are stored in the stack. The data is 
stored in the stack as shown in figure 5. 

Figure 5. Stack Contents after Call, Interrupt, or Push 
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Accumulator (A) 

The accumulator is a 4-bit register. (See figure 6.) Vari- 
ous arithmetic/ logical operations are done mainly by 
the accumulator. Operating with the data memory ad- 
dressed by the pair register HL, data processing maybe 
done in 8-bit units (higher-order bits in the accumulator 
and lower-order bits in the data memory). 

Figure 6. Accumulator Configuration 
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Arithmetic Logic Unit (ALU) 

The ALU is a 4-bit arithmetic logic circuit that performs 
such processes as binary addition, arithmetic/logical 
operation, comparison, and rotation. 

Program Status Word (PSW) 

The program status word consists of two skip flags 
(SK-|, SKrj) and a carry flag (C). (See figure 7.) These are 
stored in the stack area upon execution of a call instruc- 
tion (CALL, CALT) or at an interrupt occurrence; they are 
restored by an RTPSW instruction. At RESET, SK1 and 
SKrj are cleared to 0, and C is undefined. 

Figure 7. Structure of Program Status Word 
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System Clock Generator Circuit 

This circuit consists of an RC oscillator circuit and a 
half-frequency divider circuit, as shown in figure 8. The 
RC oscillator circuit is controlled by an external resistor 
(R) and capacitor (C) connected to CL1 and CL2. 

An external clock can be input to CL1 without using an 
RC circuit. CL2 should be left open, in which case the 
RC oscillator circuit merely operates as an inverted 
buffer. 

In stop mode, the RC oscillator circuit and the half- 
frequency divider circuit stop, thereby stopping the out- 
put of CL and f respectively. In halt mode, the 
half-frequency divider circuit stops (<j>), but CL continues 
to be supplied. 

With an external clock, when the device is in standby 
mode, the CL1 input clock becomes CL via an inverted 
buffer; CL continues to be supplied. In this case, both 
standby modes stop only the half-frequency divider (<|>). 
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Figure 8. System Clock Generator Circuits 
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Count Clock Generator Circuit 

This crystal oscillator circuit is fed either by the crystal 
connected to X1 and X2 or by an external clock from X1, 
in which case it operates as an inverted buffer. Output 
from this circuit (X) is sent to the clock control circuit to 
become a count pulse (CP) for the timer/event counter 
either directly, or after being frequency-divided. The fre- 
quency of X equals the crystal oscillation frequency of 
the X1 external clock. This circuit is unaffected by 
standby mode. See figure 9. 

Clock Control Circuit 

The clock control circuit consists of a 4-bit clock mode 
register (CM3-GM0), prescalers 1, 2, 3, and multiplexers. 
(See figure 10.) The circuit accepts both the system 
clock generator circuit output (CL) and the count clock 
generator circuit output (X). The clock mode register 
selects a clock source and prescaler designation. By so 
doing, the clock control circuit supplies a count pulse 
(CP) to the timer/event counter, and the LCD clock 
source (LCD CLO to the LCD controller/driver. 



Figure 9. Count Clock Generator Circuits 
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Figure 10. Clock Control Circuit 
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A code is sent to the clock mode register by transferring 
the contents of the accumulator with an OP or OPL in- 
struction. 

Bits CM2-CM0 specify a clock source and frequency of 
the timer-out signal. When CM3 is high, TOUT is output 
via PTOUT. CMo selects a clock source of LCD CL' and a 
frequency. See table 1. 
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Figure tl. Timer/Event Counter Configuration 



Timer/ Event Counter 

This counter consists of an 8-bit count register, an 8-bit 
modulo register, an 8-bit comparator, and a timer flip 
flop (F/F), as shown in figure 12. 

The 8-bit register, a binary upcounter that increments at 
every input of the counter pulse (CP), is cleared to by 
the execution of a TIMER instruction, RESET input, or a 
coincidence signal from the comparator. 

The 8-bit modulo register determines the count regis- 
ter's maximum count. Its contents are set by the TAM- 
MOD instruction. It is initialized to FFH by RESET. 

The 8-bit comparator compares the contents of the 
count and modulo registers; it outputs the timer inter- 
rupt signal (INTT) one CP after they are found to be coin- 
cident. 
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Note: 

1) CP is count pulse selected by the clock mode register. 

2) 'Execution of instruction. 




Serial Interface 

The serial interface consists of an 8-bit shift register, 34- 
bit shift mode register (figure 12) and a 3-bit octal 
counter, as shown in figure 13. This interface performs 
seria l data I/O, which is co ntrolle d by the serial clock 
(SCK). At the falling edge of SCK, the MSB of the shift 
register (bit 7) is output via the SO line. At the next rising 
edge of SCK, the register's contents shift one bit and 
the data on SI is l oaded into the LSB. The 3-bit counter 
counts each SCK, generates an internal interrupt (INTS) 
at every count of 8 clocks (at the end of a 1-byte serial 
data transfer), and sets the interrupt request flag (INTO/ 
SRQF). 
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Figure 12. Format of Shift Mode Register 
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Figure 13. Serial Interface Block Diagram 
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LCD Controller/ Driver 

This controller/driver directly drives an LCD with static, 
V2 bias voltage (biplexed, triplexed) and V3 bias voltage 
(triplexed, quadriplexed) configurations. Thirty-two seg- 
ment lines (S0-S31) and 4 common lines (COM0-COM3) 
serve as the LCD driver outputs. See tables 2 and 3, and 
figure 14. 

To supply the proper voltage to the segment and com- 
mon lines, supply the voltages listed in table 4 to pins 
V LC1, V|_C2. and V|_C3- See also figure 15. 



Table 2. Maximum Segment Number 


Bias Multiplexing 


COM Lines Maximum Segment Number 


1/2 biplexed 


COMO, 1 64 (32 Segments x 2 Commons) 


1/2 triplexed 


COMO, 1,2 96 (32 Segments x 3 Commons) 


1/3 triplexed 


COMO , 1 , 2 96 (32 Segments x 3 Commons) 


1/3 quadriplexed 


COMO, 1, 2, 3 128 (32 Segmentsx4 Commons) 



Note: 



In the following cases, LCD driving waveform stops operation and 
DC potential is applied between LCD electrodes. This will considera- 
bly reduce the lifespan of the LCD. 



Table 3. Display Mode Register 



LCD Clock Source 


Primary Causes 


CL Channel 
(System Clock) 


1. STOP instruction is executed. 

2. External clock is stopped. 


X Channel 
(Count Clock) 


1. External clock is stopped. 





DM 2 


DM 


Multiplexing 


Bias 
Voltage 




CMO = 
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MCO = 


= 1 
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Frame 
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LCDCL 


Frame 
Frequency 










Quadriplexed 


1/3 
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Table 4. LCD Supply Voltage 




Pin Name 


1/2 Bias 


1*3 Bias 


Vlci 


Vdd-( 1 /2)V lcd 


vdd-( 1 /3)v lcd 


V LC2 


v D d-( 1 /2)v lcd 


v D d-( 2 /3)v lcd 


V LC3 


v dd-Vlco 


V DD -V LCD 
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Figure 14. LCD Controller/ Driver Block Diagram 
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Figure 15. Configuration of LCD Power Supply by Voltage 
Dividing Method 
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The values of R-i R2, and C depend on the particular LCD panel 
characteristics. Typical values are: 



VlCD = Vdd-VlC3 
2.7V«VlcD«Vdd 
(KR2<2Ri typically 



R1=100K 
R2 = 200K 
C = 0.001 ^F 



VlCD = : 



VPD 



Vlcd= 



Interrupt Function 

There are two external (INTO, INT1) and two internal 
(INTT, INTS) interrupts. Interrupt INTO and pin P0 share 
one line; figure 12 shows how to select between these. 
When INTO is selected, either INTO or INTS may be spec- 
ified. The interrupt process (interrupt address and prior- 
ity) for INTO and INTS is the same. See table 5 and 
figure 16. 

Interrupt Enable Register (IE2-IE0). This register per- 
mits or inhibits individual interrupt requests of INTT, 
INTO/S and INT1; it allows the interrupt if the respective 
bit of each interrupt is set to 1, and inhibits the interrupt 
if 0. See figure 17. 
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Figure 16. Interrupt Controller Block Diagram 
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Table 5. Source of Interrupts 






Interrupt 


Int/Ext 


Priority 


Interrupt Address 


INTT 

(coincidence signal 
from timer /event counter) 


Int 


1 


10H (16) 


INTO 

(interrupt signal 
from POq pin) 


Ext 


2 


20H (32) 


I NTS 

(transfer end signal 

from serial interface) 


Int 


2 


20H (32) 


INT1 

(interrupt signal 
from INT1 pin) 


Ext 


3 


30H (48) 



Figure 17. Format of Interrupt Enable Register 
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Interrupt Enable Register 

- To permit or Inhibit INTT 

- To permit or Inhibit INTO/S 

- To permit or Inhibit INT1 



Interrupt Master Enable F/F (IME). This F/F permits or 
inhibits the acceptance of all interrupts (INTT, INTO, 
INTS, and INT1); after accepting an interrupt, it is reset 
to inhibit subsequent interrupts. The F/ F is set by the El 
instruction to permit all interrupts not individually dis- 
abled, or it is reset by the Dl instruction to inhibit all 
interrupts. In either case, the interrupt enable register is 
unaffected. 

Typical Interrupts. Figure 18 is an example of the inter- 
rupt process for the INT1 interrupt. 



Standby Function 

Two standby modes, stop and halt, are provided to re- 
duce power consumption during a program standby 
state. The STOP and HALT instructions select these 
modes. 

In standby mode, program execution ceases and the 
contents of data memory and all internal registers are 
held. The shift register and timer/ event counter still op- 
erate. 

A RESET or interrupt generation releases standby 
mode; if an interrupt request flag is set, stop/halt mode 
cannot be set in spite of the STOP/ HALT instruction exe- 
cution. Consequently, when setting standby mode 
when there is a possibility of a request flag being set, it 
is necessary to have the interrupt request flag reset ei- 
ther by processing the interrupt in advance or by execut- 
ing a SKI instruction. 

Differences between stop and halt modes are shown in 
table 6. The main difference lies in that RC oscillation 
output (CL) either stops (stop mode), or does not stop 
(halt mode), when the system clock is being supplied by 
RC oscillation. 

Table 6. Comparing Stop and Halt Modes 



Mode Instruction 


CL 





X 


Interrupt used 
CPU SIO CNT for release 


Stop STOP 


X 


X 





X * * INTT, INTO/S 


Halt HALT 





X 





X * INTT, INTO/S, 
INT1 



Note: 

Operation possible 

* Operation possible with a mode selected 
X Operation disabled 



Figure 18. Typical Interrupt Process Flow 
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Reset Function 

A high level RESET input initializes the ptPD7514. The se- 
quence of events is as follows: 

(1) The PC is cleared to 0. 

(2) PSW flags SKi and SKn are cleared to 0. 

(3) The timer/event counter as reset as follows: 
Count register = 00H 

Modulo register = FFH 
Timer out F/F = 

(4) The clock control circuit is reset as follows: 
Clock mode register (CM3-CM0) is cleared to 
CP=LCDCL'=CLx V256 

TOUT is disabled. 
Prescalers 1, 2, 3 = 

(5) Shift mode register (SM3-SM0) is cleared to 0. 
Serial interface shift operation stops. 

Port is placed in input mode (high impedance). 
INTS is selected for the interrupt source of INTO/S. 

(6) Display mode register (DM3-DM0) is cleared to 0. 
V3 bias, quadriplexed 

Frame frequency = CL/1024, LCD drive deselected 

(7) Interrupt control circuit becomes as follows: 
Interrupt request flags = 

Interrupt master enable F/ F = 
Interrupt enable register = 
All pending interrupts cancelled. 
All interrupts disabled. 

(8) Port 6 mode register (PM3-PM0) is cleared to 0. 



(9) All output buffers of ports 0-7 are turned off, and 
become high impedance, I/O ports are set to input 
mode. 

(10) The contents of data memory and the following 
registers are undefined: 

Stack pointer (SP) 

Accumulator (A) 

Carry flag (C) 

General-purpose registers (D, E, H, L) 

Output latch of each port 

Shift register 

After RESET, program execution starts from address 
00H. The contents of each register must be initialized as 
needed. 

Power-On-Reset Circuit. The simplest example is shown 
in figure 19. 

Figure 19. Power-On-Reset Circuit 
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Operating Characteristics (cont) 
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Operating Characteristics (cont) 
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Differences Between the /jPD7514, ptPD7508, and 
/iPD7503 

The nPD7514 integrates the features of the l<PD7508 and 
the strengthened LCD controller/driver of the jhPD7503. 
Differences are shown in table 7. 

Table 7. Difference Between i*PD7514, \iPD7508, end 
\xPD7503 





pPD7514 


|iPD7508C/Q 


fiPD7503Q 


On-chip RAM 


256x4 


226x4 


224x4 


Input ports 


Port (P0 -P0 3 ) 


Port (PO1-PO3) 
Port 1 (PI1-PI3) 


PortO 
(PO1-PO3) 
Portl 
(PI1-PI3) 


Output ports 


Port2(P2o-P2 2 ) 


Port 2 (P2 -P2 3 ) 


- 


I/O ports 


Portl(Plo-P1 3 ) 
Port 7 (P7 -P7 3 ) 


Port 1 (PI0-PI3) 
Port 7 (P7 -P7 3 ) 


— 


Number of ports 


31 


32 


23 


LCD controller/ 
driver 

Multiplexing 


Biplexed 
Triplexed 
Quadriplexed 




Triplexed 
Quadriplexed 


LCD controller/ 
driver 

Segments 


32 




24 


Package 


80-pin flat 


40-pin DIP/ 
52-pin flat 


64-pin flat 
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NEC Electronics Inc. 



M PD7516H 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH FIP® CONTROLLER/DRIVER 



Description 

The ^PD7516H and 75CG16H are 4-bit, single-chip 
CMOS microcomputers with the jiPD7500 series archi- 
tecture and a FIP controller/driver. On-board peripheral 
functions include an 8-bit timer/event counter, an 8-bit 
serial interface, a 14-bit programmable pulse generator, 
and a display controller/driver that supervises all of the 
timing requirements by the 24-port S segment drivers ei- 
ther for a 16-character, 7-segment FIP, or an 8-character, 
14-segment FIP. The ^PD7516H is functionally equiva- 
lent to the nPD7519H except for ROM size. 

Twenty-eight I/O lines are organized into seven 4-bit 
ports: the input/serial interface port 0, output ports 2 
and 3, and I/O ports 1, 4, 5, and 6. 

The subroutine stack is implemented in RAM for greater 
nesting depth and flexibility, providing such operations 
as the pushing and popping of register values. 

The nPD7516H/75CG16H has a 2.44 jiS instruction cycle 
time at f xx = 6.55 MHz. 

For the ^PD7516H, current consumption is less than 
6 mA for normal operation (Vdd = 5V ±10%, f xx 
= 6.55 MHz, high speed mode). 

ThenPD75CG16H, a piggyback EPROM version, is avail- 
able for prototyping and program development. It is pin- 
compatible and functionally equivalent to the masked 
version. 

Features 

□ 6144 x 8-bit program memory (ROM) 

□ 256 x 4-bit data memory (RAM) 

□ 28 I/O lines 

'□ Programmable FIP controller/driver 

— 24 high-voltage output lines 

□ 8-bit serial interface 

□ 8-bit timer/event counter 

□ Programmable pulse generator (PPG) 

— Variable duty port (D/A converter) 

— Signal generator port 

— 1-bit output port 

® FIP is the registered trademark for NEC's fluorescent indicator panel (vac- 
uum fluorescent display). 



□ Vectored, prioritized interrupts 

— Two external: INTO, INT1 

— Two internal: timer (INTT) and 
serial (I NTS) 

□ Four 4-bit general purpose registers 

□ 107 instructions; subset of pjPD7500 series instruc- 
tion set A 

— Look-up-table capability 

— Indirect indexed addressing 

□ Instruction cycle 

— /iPD7516H low speed mode: 15.26 jiS/ 4.19 MHz 

— fiPD7516H low speed mode: 9.77 ns/6.55 MHz 

— /iPD7516H high speed mode: 3.81 jiS/4.19 MHz 

— jnPD7516H high speed mode: 2.44 fiS/6.55 MHz 

□ Two power-down modes 

□ Single power supply (2.5 V to 6 V) 

Applications 

The juPD7516H has a variety of flexible powerful func- 
tions and is best suited for the following applications: 

• Video tape recorders 

• Plain paper copiers 

• Electronic cash registers 

• Telephone sets 

• Electronic scales 

• Automobiles 

Figures 1-4 show how to apply the device to a digital 
tuning system, a telephone, an ECR, and automotive 
equipment. 
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Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


fiPD7516HG-12 


64-pin plastic miniflat 


6.55 MHz 


^PD7516HG-36 


64-pin plastic QUIP 


6.55 MHz 


p<PD7516HCW 


64-pin plastic shrink DIP 


6.55MHz 


^PD75CG16HE 


64-pin ceramic piggyback 
QUIP 


6.55MHz 
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Pin Configurations 

64-Pin Plastic Miniflat 



64-Pin Plastic QUIP, and Shrink DIP 
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NCC 


1 


51 


3 Vload 


POo/INTO C 


2 


: 


3 To 


POi/SCK C 


3 


3T, 


P0 2 /SO c 


4 


48 


3T 2 


PO3/SI c 


5 


47 


3T 3 


P60C 


6 


46 


3T 4 


P61C 


7 


45 


]T 5 


P62C 


8 


44 


3T 6 


P63C 


9 


43 


3T 7 


P5oC 


10 


MPD7516H 42 


3 T 8 /S 8 


P5iC 


11 


41 


3 T9/S9 


P5 2 C 


12 


40 


3 T10/S10 


P5 3 C 


13 


39 


3 T11/S11 


P1oC 


14 


38 


3 T 12 /S 12 


P1lC 


15 


37 


3 T 13 /Si3 


PI2C 


16 


36 


3 T14/S14 


PI3C 


17 


35 


3 T 1s /Si 5 


P4oC 


18 


34 


3S 


P4i C 


19 


33 


3 s. 
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Pin Identification 

Plastic Miniflat, QUIP, and Shrink DIP 



Flat 



QUIP(1) Symbol 



Function 



7,24 



NC 



No connection 



2 


8 


P0 /INT0 


3 


9 


PO^SCK 


4 


10 


P0 2 /S0 



Port 0, or external interrupt 
INTO and the serial I/O 
interface 



5 


11 


PO3/SI 




6-9 


12-15 


P60-P63 


Port 6 


10-13 


16-19 


P5 -P5 3 


Port 5 


14-17 


20-23 


P10-P13 


Portl 


18-21 


25-28 


P4 -P4 3 


Port 4 


22 


29 


EVENT 


Timer / event counter input 


23,24 


30,31 


X2, X1 


Crystal clock input 


25 


32 


Vss 


Ground 


26,58 


64 


V D D 


Power supply positive 


27-34 


33-40 


s -s 7 


Segment outputs 


35-42 


41-48 


T 8 /S 8 - 
T 15 /S 15 


Timing /segment outputs 


43-50 


49-56 


T0-T7 


Timing outputs 



P2o/PSTB c 


1 v. 


-^ 64 


3v DD 


P2i/PTOUT L 


2 


63 


3 INT1 


P2 2 /PCL C 


3 


62 


3P3 3 


P2 3 C 


4 


61 


3P3 2 


RESET C 


5 


60 


DP3i 


PPO C 


6 


59 


3P3 


NC C 


7 


58 


3 VpR E 


POo/INTO C 


8 


57 


3 Vload 


PO1/SCK c 


9 


56 


DTo 


PO2/SO c 


10 


55 


HT, 


PO3/SI C 


11 


54 


3T 2 


P6 C 


12 


53 


:t 3 


P6!C 


13 


52 


:t, 


P62C 


14 


51 


:t s 


P63C 


15 x 50 


]Tf 


P5oC 


16 £ « 


]T, 


P5i C 


17 g 48 


3Tg/Se 


P5 2 C 


18 


1 47 


DT9/S 9 


P5 3 C 


19 


46 


3 T10/S10 


P1oC 


20 


45 


3 Tn/Sn 


P1lC 


21 


44 


3 T 12 /S 12 


P12C 


22 


43 


3 T 13 /Si 3 


PI3C 


23 


42 


3 TWSm 


NCC 


24 


41 


3 T 1S /S 15 


P4oL 


25 


40 


3 So 


P41 C 


26 


39 


3 s, 


P4 2 C 


27 


38 


3s 2 


P4 3 C 


28 


37 


3 s 3 


EVENT C 


29 


36 


3s 4 


X2C 


30 


35 


3S 5 


X1C 


31 


34 


3s 6 


VssC 


32 


33 


3s 7 



Flat 


QUIP(1) 


Symbol 


Function 


51 


57 


Vload 


High voltage option resistor 
supply negative. This pin is not 
used (NC) in the M PD75CG16H. 


52 


58 


V PRE 


High voltage predriver supply 
negative 


53-56 


59-62 


P3 -P3 3 


Port 3 


57 


63 


iNTi 


External interrupt 



59 


1 


P2 /PSTB 


60 


2 


PVPTOUT 


61 


3 


P2 2 /PCL 



Port 2, or portl STB signal, 
timer F / F output, internal CL 
output, and general purpose 
output 



62 


4 


P2 3 




63 


5 


RESET 


RESET input 


64 


6 


PPO 


PPG output 



Note: 

(1) This QUIP pin identification is also true for the shrink DIP and piggy- 
back packages. 
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Pin Configurations (cont) 

64-Pin Ceramic Piggyback QUIP 



Pin Functions 



(Except EPROM) 













P2 'PSTB 


1 


V^ 


64 


Vdd 


P2i/PT0UT 
P2 2 /PCL 


2 
3 


M PD75CG16H 


63 
62 


INT1 
P3 3 


P2 3 


4 




61 


P3 2 


RESET 


5 




60 


P3i 


PPO 


6 




59 


P3 


NC 


7 




58 


Vpre 


POo/INTO 


8 




57 


NC 


POi/SCK 


9 




56 


To 


PO2/SO 


10 


VddC 


1^8 


3 Vdd 


55 


T1 


PO3/SI 


11 


A12C 


2 27 


Uvdd 


54 


T 2 


P6 


12 


A7C 


3 26 


3 v DD 


53 


T3 


P61 


13 


AeC 


4 25 


HA 8 


52 


T4 


P6 2 


14 


AsC 


5 24 


]A 9 


51 


T5 


P63 


15 


A4C 


6 23 


3 An 


50 


T 6 


P5 


16 


A3C 


7 22 


HVss 


49 


T7 


P51 


17 


A2C 


8 21 


HA10 


48 


T 8 'S 8 


P5 2 


18 


Ait! 


9 20 


Hcl 


47 


T9/S9 


P5 3 


19 


AoC 


10 19 


3h 


46 


T10/S10 


P1o 


20 


loC 


11 18 


3 k 


45 


Tn/Sn 


P11 


21 


hC 


12 17 


His 


44 


T12/S12 


P1 2 


22 


I2C 


13 16 


IIU 


43 


Tl3'Sl 3 


P13 
NC 


23 
24 


Vsstl 


14 15 


UI3 


42 
41 


T14/S14 
T15/S15 








P4o 


25 




40 


So 


P4i 


26 




39 


Si 


P4 2 


27 




38 


s 2 


P4 3 


28 




37 


S3 


EVENT 


29 




36 


s 4 


X2 


30 




35 


s 6 


X1 


31 




34 


So 


Vss 


32 




33 


s 7 
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Pin Identification (cont) 

HPD75CG16H, Piggyback EPROM 



No. 


Symbol 


Function 


1 


Vdd 


Unused 


2-10, 21, 
23-25 


A0-A12 


Program counter output 


11-13, 15-19 


I0-I7 


Data input from the 2764 


14 


Vss 


Same as bottom pin 32; connected to 
2764 GND pin 


20 


CE 


Chip enable output 


22 


v S s 


Same as bottom pin 32; supplies 0E 
signal to the 2764 


26 


Vdd 


Same as bottom pin 64; supplies Vcc 
to the 2764 


27,28 


Vdd 


Unused 



POo/INTO, POi/SCK, P02/SO, PO3/SI (Port 0) 

This port can be configured as the 4-bit, parallel input 
port 0, or as the 8-bit serial I/O interface under control of 
the serial mode select register. The 8-bit serial I/O inter- 
face consists of the seri al inp ut (SI), the serial output 
(SO), and a serial clock (SCK) used for synchronizing 
data transfer. Line POn is shared with external interrupt 
INTO, which is a rising edge-triggered interrupt. 

P1o-Pl3(Port1) 

Individual lines can be configured as a 4-bit input or as a 
latched, three-state output under control of the port 1 
mode select register. 



P2o/PSTB, P21/PTOUT, P2 2 /PCL, P2 3 

P2rj-P23 are the 4-bit latched output port 2. PSTB is the 
port 1 output strobe pulse. PTOUT is the timer-out F/F 
signal. PCL is the internal system clock output. P23 is a 
general purpose output. 

P3o-P33(Port3) 

4-bit, latched three-state output port 3. 

P4o-P43(Port4) 

4-bit latched three-state I/O port. Can perform 8-bit par- 
allel I/O in conjunction with port 5. 

P5o-P53(Port5) 

4-bit latched three-state I/O port. Can perform 8-bit par- 
allel I/O in conjunction with port 4. 

P6 -P63(Port6) 

Individual lines can be configured as a 4-bit input or as a 
latched, three-state output under control of the port 6 
mode select register. 

EVENT 

1-bit external event input for the timer/event counter. 

S0-S7, T 8 /S 8 -Ti 5 /Si5, T0-T7 

High voltage outputs. S0-S7 are segment driver out- 
puts, and T0-T7 are digit driver outputs. T8/S8-T15/S15 
can be configured as either segment or digit driver out- 
puts under control of the display mode select register. 



E 
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INT1 

External, rising edge triggered interrupt. 

PPO 

1-bit programmable pulse generator output. PPO can 
operate as the pulse width modulation output, signal 
generator port, or 1-bit output port, as dictated by the 
PPG mode select register. 

RESET 

RESET input. R/C circuit or pulse initializes jiPD7516H 
and also releases stop or halt mode. 

X1,X2 

Crystal clock connection. A crystal oscillator circuit is 
connected to X1 and X2 for system clock operation, or 
an external clock may be connected to X1 and an in- 
verted clock to X2. 

VpRE 

High voltage predriver supply. Apply single voltage from 
Vdd - 12 V to Vqd for proper display operation. 

Vload 

High voltage option resistor supply negative. Apply sin- 
gle voltage from Vqd -40 V to Vqd for proper display 
operation. This pin is not used (NC) in the^PD75CG16H. 

Vdd 

Power supply positive. Apply single voltage ranging 
from 2.5 V to 6.0 V for proper operation. 

vss 

Ground. 



EPROM Pin Functions 

Piggyback EPROM 

Ao-A-12 (Address) 

Output the 13 bits of the program counter (PC0-PC11), 
which are the address signals of EPROM 2764. 

I0-I7 (Data Input) 

Input data from the 2764. 

CE(Chip Enable) 

Outputs the chip enable signal to the 2764. 

Vdd (P«n 1) 

Electrically equivalent to Vqd of the bottom pins. Pro- 
vided for future devices. Use in the open condition. 

Vdd (P«n 26) 

Electrically equivalent to Vqd of the bottom pins. Sup- 
plies Vcc to 2764. 

Vdd (Pins 27, 28) 

Electrically equivalent to Vdd of the bottom pins. Do not 
use these pins. 

V S s (Pin 22) 

Electrically equivalent to VSS of the bottom pins. Sup- 
plies OE signal to the 2764. 

V S s (Pin 14) 

Electrically equivalent to Vss of the bottom pins. Con- 
nected to 2764 GND pin. 
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Block Diagrams 

\xPD75t6H 



n 



Clock 
Control 



Timer/ 
Event Counter 



INT1 INTO/POo SCK/POi SO/PO2 SI/PO3 

I I I f I 



Interrupt 
Control 



Serial 
Interface 



u^^n 5 



7S 



Program Counter (12) 



TZ 



ROM 

Program Memory 

6144 x 8Bits0iPD7516H) 



Standby 
Control 



<t> CL f*/128 

t t t 



Clock 
Generator 



- +F1P 




IT 

A (4) I 



Instruction 
Decoder 
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Stack Pointer (8) 
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Reg 



EMO 



Pulse 
Generator 



RAM 
Data Memory 
256 x 4 Bits 



^FIP 



Li 



21 



O 



FIP 
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<> 



Port 
Buffer 



c 






<£> ss: k « >"io-pis 
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CO 



P6 -P6 3 



T7-T0 T15/S15 S7-So VpRE VuOAD 

Ta/S 8 
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Block Diagrams (cont) 

IAPD75CG16H 
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PortO 
Buffer 



A 
V 



PO0-PO3 
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Absolute Maximum Ratings 

T A = 25°C 



Supply voltages 
Vdd 




-0.3 V to +7 V 


V L 0Ad(mPD7516H) 


Vdd- 


•40Vto+V DD +0.3V 


V PRE 


Vdd- 


-12Vto+V DD +0.3V 


Input voltage, V| 




-0.3VtoV DD +0.3V 


Output voltage, Vq 
Display outputs, Vo 


v D d 


-40VtoV DD +0.3V 


Other outputs, Vod 




-0.3VtoV DD +0.3V 


Output current high, Iqh 

Per pin, other than display outputs 




-15 mA 


Per pin, S0-S7 




-15 mA 


Perpin,To-T 7 ,T 8 /S 8 -T 15 /S 15 




-30 mA 


Total, display outputs, /iPD7516H 




-120 mA 


display outputs, /jPD75CG16H 




-90 mA 


Total, other than display outputs 




-20 mA 


Output current low, Iol 
Per pin 




17 mA 


Total, all output ports 




60 mA 


Total power consumption (Note 1), PT 
Plastic flat package (piPD7516H) 




400 mW 


Plastic QUIP, fcPD7516H) 




600 mW 


Operating temperature, Tqpj 




-10°Cto+70°C 


Storage temperature, T$tg 




-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
Note: 

(1) Calculation of PT: there are three kinds of power consumption, the 
total of which should be less than the total power consumption (PT) 
in this specification. Use of less than 80% of PT is recommended. 
The three different power consumptions are as follows: 

1. CPU power consumption. V DD (max) x l DD i(max) 

2. Power consumption of output pins. This includes both normal 
output and display output. Calculate the total consumption of 
each output pin to which the maximum current flows. 

3. Power consumption of on-chip pull-down resistors (mask option). 

Example 

Configuration: 

9 segments x 11 digits, 4 LED outputs 

V DD = 5V ±10%, 4.19 MHz oscillation 

Segment pin = 5 mA (max) 

Timing pin = 15 mA (max) 

LED output pin = 10 mA (max) 

Vacuum fluorescent display (Vload) = - 30 V 



Consumption: 

(1) CPU 

5.5 V x 2.0mA = 11mW 

(2) Output pins 

Segment pins: (5/7 x 2V) x 5mA x 9 = 64 mW 

Timing pins: 2 V x 15 mA = 30 mW 

LED output pins: (10/15 x 2 V) x 10 mA x 4 = 53mW 

(3) Pull-down resistors 

(30 + 5.5 V) 2 /80 k£2 x 10 = 158 mW 

Therefore, PT = (1) + (2) + (3) = 316 mW 
DC Characteristics 

/iPD7516H:T A = -10°CtO +70°C,V D D = 2.5Vto6V 
^PD75CG16H:T A = -10°Cto +70°C,V DD =5V ± 10% 





Limits 




Test 


Parameter 


Symbol Min lyp 


Max 


Unit Conditions 


Input voltage 


Vim 0.7 V DD 


Vdd 


V 0therthanX1,X2 


high 


V| H2 V DD -0.4 


Vdd 


V X1,X2(Note1) 


Input voltage 


V|L1 


0.3V DD 


V Other than X1.X2 


low 


V|L2 


0.4 


V X1,X2(Note1) 



1 



Output voltage 
high 



Vqh Vdd-1-0 



V DD =5V±10%, 
l H=-1mA 



Vdd-0.5 



/iPD7516H only, 
Iqh=-100mA 



Output voltage 
low 



Vol 



0.4 



V DD = 5V±10%, 
IOL=1-6mA 







0.5 


V 


^PD7516H only, 
l L=400/iA 


Input leakage 
current high 


'LIH1 


3 


pA 


V|=V UU ; other 
than X1, X2 




'LIH2 


20 


A 


V,=V DD ;X1,X2 


Input leakage 
current low 


■lili 


-3 


^a 


V| = 0V; other than 
X1.X2 




'LIL2 


-20 


yA 


V|=0V;X1,X2 


Input leakage 
current 


IlL 


-200 


yA 


piPD75CG16H only; 
V,=0V, I0-I7 


Output leakage 
current high 


>L0H 


3 


yA 


v =v DD 



Output leakage 
current low 



'L0L1 



^A 



V =0V; other 
than display 
outputs 



"L0L2 



-10 yA 



v o= Vload = 
V DD -35V; display 

outputs 
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DC Characteristics (cont) 

MPD7516H: T A = - 10°C to +70°C, V DD = 2.5 V to 6 V 
MPD75CG16H:T A = -10°Cto +70°C,V DD = 5V ± 10% 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Display output Iod 
current 



. -7 


mA 


s <r s 7; 
(Notes 2 & 3) 


-4 


mA 


HPD75CG16H; 
(Notes 2 & 3) 


-15 


mA 


To _T 15 
(Notes 2 & 3) 


-10 


mA 


p<PD75CG16H; 
(Notes 2 & 3) 


-3 


mA 


S -S 7 ; (Note 4) 


-2 


mA 


HPD75CG16H; 
(Note 4) 


-7 


mA 


T -T 15 (Note4) 



-5 



mA nPD75CG16H; 
(Note 4) 



On-chip 

pull-down 

resistance 



Rl 



40 70 120 kS V OD -V L oad=35V 



Supply current, Inni 3.0 9.0 

HPD7516H 



mA High speed 
V DD =5V±10%; 
(Note 5) 



'DD2 


0.6 


1.9 


mA 


Low speed 
halt mode 
V DD =5V±10%; 
(Note 5) 


'ddi 


2.0 


6.0 


mA 


High speed 
V DD =5V±10%; 
(Note 6) 




400 


1200 


^a 


V DD =3V±10%; 
(Note 6) 


'DD2 


450 


1500 


nA 


Halt mode 
Vn D =5V±10%; 
(Note 6) 




150 


400 


VA 


Halt mode 
V D n=3V±10%; 
(Note 6) 


>DD3 


0.1 


20 


MA 


Stop mode 
V DD =5V±10%; 
(Note 6) 



0.1 10 



lA Stop mode 

V DD =3V±10%; 
(Note 6) 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Supply current, 
M PD75CG16H 



'DDI 



1.2 3.6 mA 



High speed 
V DD =4.75Vto 
5.5 V; (Note 5) 



1.0 



3.0 mA 



High speed; (Note 
6) 



>DD2 



350 1000 j/A 



Halt mode 
V DD =5V±10%; 
(Note 6) 



! DD3 



20 



^ 



Stop mode; (Note 
6) 



Note: 

(1) The circuits in figures 19 and 20 are recommended. 

(2) The external circuit in figure 21 is recommended. 

(3) V PRE = V DD -9V±1V,V DD = 4Vto6V,VoD = V DD -2V 

(4) Vp RE = 0V,V O D = V DD -2V 

(5) 6.55 MHz crystal, C1 = C2 = 10 pF 

(6) 4.19 MHz crystal, C1 = C2 = 10 pF 



Capacitance 

T A = 25°C;V DD = 0V 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


Typ 


Max 


Conditions 


Input 
capacitance 


C l 




15 


PF 


(Note 1) 


Output 

capacitance, 
Display 
outputs 


Co 




35 


PF 


(Notel) 


Other 
outputs 






15 


PF 


(Note 1) 


I/O capacitance C|n 




15 


PF 


(Notel) 



Note: 

(1) f c = 1 MHz, Unmeasured pins are connected to V. 
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Clock Operation 

^PD7516H:T A = -10°Cto +70°C,V DD = 2.5Vto6V 
piPD75GC16H:T A = -10°Cto +70°C, V DD = 5V±10°/ 
Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



System clock f^ 
oscillation 



3.5 4.19 4.2 MHz (Notes 1, 2 & 3) 



4.2 6.55 6.6 MHz 



V DD =4.5Vto 

6.0 V; 

(Notes 1, 2 & 3) 



System clock f x 
input frequency 



0.1 



4.2 MHz (Notes 1& 4) 



4.2 



6.6 MHz 



V DD = 4.5Vto 
6.0V; 
(Notes 1& 4) 



X1, X2 input 
pulse width 
high, low 



l XH 



100 



ns (Notes 1 & 4) 



*XL 



75 



V DD =4.5Vto 
6.0V; 
(Notes 1& 4) 



EVENT input 
frequency 


f E 




410 


kHz 


V DD =4.0Vto 
6.0V 






80 


kHz 


^PD7516H only 


EVENT input 
pulse width 


tEL 


1.2 




US 


V DD =4.0Vto 
6.0V 


high, low 


tEH 


6.25 




us 


M PD7516H only 



Note: 

(1) The circuits in figures 19 and 20 are recommended. 

(2) Refer to the Operating Supply Voltage table. 

(3) Crystal oscillation. 

(4) External clock. 

Port 11/0 Operation 

HPD7516H: T A = - 10°C to +70°C, V D d = 2.5 V to 6 V 
MPD75CG16H: T A = - 10°C to +70°C, V DD = 5 V + 10% 
0.1MHz«f x ,f xx «4.2MHz 







Limits 


Unit 


Test 


Parameter Symbol 


Min 


Typ Max 


Conditions 


Port 1 output set- tpsi 
up time (to 
PSTB t) 


250 




ns 


(Note 1) 


Port 1 output tsTP 
hold time (after 
PSTB t) 


100 




ns 


(Note 1) 


PSTB pulse tsTLi 
width low 


450 




ns 


(Note 1) 


Output data set- tnsT 
up time (to 
PSTB t) 


200 




ns 


(Note 2) 


Output data hold tsiD 
time (after 
PSTB t) 


100 




ns 


(Note 2) 



Port 1 1/O Operation (cont) 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Input data valid 
time (after 
PSTB I) 


tSTDV 




700 


ns 


(Note 2) 


Input data 
floating time 
(after PSTBt) 


tSTDF 







ns 


(Note 2) 


Control set-up 
time (to PSTB i) 


l CST 


100 




ns 


(Note 2) 



Control hold time tsxc 
Output 
command 

Input 
command 



100 



(Note 2) 



80 



(Note 2) 



PSTB pulse 
width low 



tsTL2 750 



(Note 2) 



Note: 

(1) Port output mode. 

(2) l/OexpandermodeV DD = 4Vto6V. 

Port 1 1/O Operation 

^iPD7516H: T A = - 10°C to +70°C, V DD = 4.5 V to 6.0 V 
^PD75CG16H: T A = - 10°C to +70°C, V DD = 4.75 V to 5, 
4.2MHz<f x ,f xx «6.6MHz 
Low Speed Mode(1) (EM 2 = 0) 



E 



5 V 







Limits 


Unit 


Test 


Parameter Symbol 


Min 


Typ Max 


Conditions 


Port 1 output set- tpsi 
up time (to 
PSTBt) 


400 




ns 


(Note 2) 


Port 1 output tsTP 
hold time (after 
PSTB t) 


100 




ns 


(Note 2) 


PSTB pulse tsxu 
width low 


600 




ns 


(Note 2) 


Output data set- tnsT 
up time (to 
PSTB t) 


400 




ns 


(Note 3) 


Output data hold tsTD 
time (after 
PSTB t) 


100 




ns 


(Note 3) 


Input data valid tsjov 
time (after 
PSTB J) 




850 


ns 


(Note 3) 


Input data tsiDF 
floating time 
(after PSTB t) 







ns 


(Note 3) 


Control set-up tpsT 
time (to PSTB I) 


400 




ns 


(Note 3) 
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AC Characteristics (cont) 

Port 1 I/O Operation (cont) 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Control hold time t^c 
Output 
command 

Input 
command 



100 



(Note 3) 



80 



(Note 3) 



PSTB pulse 
width low 



tSTL2 1200 



(Note 3) 



Note: 

(1) The nPD82C43/8243H, etc, cannot interface with the (iPD7516H in 
high speed mode (EM 2 = 1). 

(2) Port output mode. 

(3) I/O expander mode V DD = 4V to 6 V. 

Serial Interface Operation 

/iPD7516H: T A = - 10°C to +70°C, V DD = 2.5 V to 6 V 
^PD75CG16H:T A = -10°Cto +70°C, V DD = 5V±10% 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



SCK cycle time t«cY 



2.1 


|iS 


V DD =4Vto6V; 
Input 


12.5 


MS 


/iPD7516H only; 
Input 


(1) 


MS 


V DD =4Vto6V; 
Output 



(2) 



jus p»PD7516H only; 
Output 



SCK pulse width t KH 0.7 
high, low 



MS V DD =4Vto6V; 
Input 



6.5 



us ^PD7516H only; 
Input 



(3) 



MS V DD =4Vto6V; 
Output 







(4) 




MS 


M PD7516H only; 
Output 


SI set-up time 


l SIK 


300 




ns 


V DD = 4Vto6V 


(to SCK t) 


1000 




ns 


nPD7516Honly 


SI hold time 


l KSI 


450 




ns 


V DD =4Vto6V 


(after SCK t) 


1000 




ns 


MPD7516H only 


SO output delay 
time (after 


kso 




500 


ns 


V DD =4Vto6Vfor 
7516H 


SCK I) 




2000 


ns 


HPD7516H only 



Note: 

(1) High speed mode: 16/f x or 16/f xx 
Low speed mode: 64/f x or64/f xx 

(2) 64/f xx or64/f xx 

(3) High speed mode: 8/f x or 8/f xx 
Low speed mode: 32/f x or 32/f xx 

(4) 32/f xx -2.0(iS,or32/f xx -2.0^s 



Other Operations 

M PD7516H:T A = -10°Cto +70°C,V DD = 4.5 V to 6.0 V 
M PD75CG16H:T A = -10°CtO +70°C,V DD = 4.75 V to 5.5 V 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


INTO pulse t|0H, 
width high, low t|ni_ 


10 






MS 




INT1 pulse width tun, 
high, low , |1L ' 


(1) 






MS 




RESET pulse t R sH, 
width high, low tpsL 


10 






MS 





Note: 

(1) 26/f x or26/f xx 

HPD75CG16H EPROM Characteristics 

T A = -10°Cto +70°C;V DD = 5V±10% 





Limits 


Unit 


Test 


Parameter Symbol 


Min Typ Max 


Conditions 


Access time t/\cc 


700 


ns 




CE low set-up tcE 
time to data valid 


700 


ns 




Data valid hold tm 
time to CE rising 
edge 





ns 




Operating Supply Voltages 

T A =-10°Cto +70°C 




Limits 


Unit 


Test 


Parameter Symbol 


Min Typ Max 


Conditions 



CPU (Note 1) 



4.5 


6.0 


V 


f x ,fxx=4.2MHzto 
6.6 MHz, (Note 3) 


4.0 


6.0 


V 


f x =0.1MHzto 
4.2MHz, 
fxx=3.5 MHz to 
4.2 MHz, (Note 3) 


4.5 


6.0 


V 


f x ,fxx=4.2 MHz to 
6.6 MHz, (Note 4) 



2.5 



6.0 



f x =0.1MHzto 
4.2 MHz, 
f xx =3.5MHzto 
4.2 MHz, (Note 4) 
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AC Characteristics (cont) 

Operating Supply Voltages (cont) 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Crystal 
oscillation 
circuit 
(Note 2) 



4.5 



6.0 



fxx=4.2MHzto 
6.6 MHz, 
C1=10pF, C2< 
10 pF, (Note 5) 



2.7 



6.0 



C1=10pF, C2< 
10 pF, 

f xx =3.5MHzto 
4.2 MHz, (Note 5) 



2.85 



6.0 



C1=10pF, C2< 
22 pF, 

f xx =3.5MHzto 
4.2 MHz, (Note 5) 





2.5 


6.0 


V 


External clock 


Display control- 
ler 


4.0 


6.0 


V 




PPG 


4.0 


6.0 


V 




Portl 


2.5 


6.0 


V 


Port output mode 




4.0 


6.0 


V 


I/O expander 
mode 



Note: 

(1) Except the crystal oscillation circuit, display controller, PPG, and 
portl. 

(2) The circuits in figure 19 and 20 are recommended. 

(3) High speed mode, EM 2 = 1. 

(4) Low speed mode, EM 2 = 0. 

(5) Crystal Oscillator. 

AC Waveform Measurement Points (Except XI, X2) 



— ysr 



Vdd- 
Vdd- 



. Test 
* Points " 



- 0.7 V D d 
-0.3 V D d 



XI 



Timing Waveforms 

Data Retention Timing 



i\ STOP Mode- 



Vdd 



I kData Retention Mode*! 

} \ Vdddr / 



Execution of 
STOP Instruction 



/ 



Clock Timing 



X1 input 



-1«x- 



-txL- 



/ 



E 



EVENT Timing 




EPROM Timing 




Strobe Output Timing 



Output Data 



U tsTLI » 
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Timing Waveforms (cont) 

Port I/O Expander I/O Timing 



Expander 

Port 

Output 



Expander 
Port 
Input 






" i Output Data i 

f" toST ►) I" » . | tsTD 

) ( Input Data )—— 



X 



-*STC 
tSTL2" 



Serial Transfer Timing 



\ Y 



-j Input Data \- 



X 



Output Data 



yz 



Interrupt Input Timing 




RESET Input Timing 
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Figure 1. Digital Tuning System Application 



Tuning Signal ' 



Electronic Tuner -*- 
(Analog Output) 



7\ 



00 



<0f 



<X> 



i i i 



VpRE VlOAD S0-S7 

T -T15 



HPD7516H 



P2 /PSTB 

X1 X2 



<— 0- 



I 



rr 



Keyboard 



o 



System 
Control 



Figure 2. Telephone Application 
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Figure 3. ECR Application 



FIP 
9 Seg x 16 Digits 



"~LLZZ5 



=> 



Buzzer f\^= 
Melody [)^i 

rh 



VpRE VlOAD So-S7 
T -T15 



piPD7516H 



PPO 

X1 X2 Vdd Vss 



P5^~TJ 



C 



Keyboard 



I I 



3-187 



M PD7516H 



SEC 



Figure A. Automotive Equipment Application 
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Functional Description 

Program Memory (ROM), 6144 Words x 8 Bits 

This mask-programmable memory is addressed by the 
bank flag (BNK) and the program counter (PC), and is 
used to store programs and table data. See figure 5. 

Figure 5. Program Memory Map 



0000H 


256 x 8 


0000H 

0010H 

\ 0020H 

I \ 0030H 

\ OOCOH 

\ OOCFH 
\ 00D0H 

\ OOFFH 


RESET vector 






OOFFH 


INTT vector 


0100H 


'j 3,840 x 8 ', 






INTO/S vector 








INT1 vector 


1FFFH 


i ; 








Reference table (16 x 8) 
for LHLT instruction 




Reference table (48 x 8) 
for CALT instruction 



General Purpose Registers 

Four 4-bit general purpose registers (D, E, H, L) may be 
paired as follows for 8-bit operations: DE, HL, and DL 
These 8-bit register pairs are commonly used as 
pointers to memory locations. When using the HL regis- 
ter pair as a data pointer, auto-increment and auto- 
decrement of the L register may be specified. 



Data Memory (RAM), 256 Words x 4 Bits 

This static RAM used to store display and operation 
data. It may also function with the accumulator (A) for 8- 
bit data processing. 

There are three types of data memory addressing: 

• Direct. Address designation is made on the second 
byte of the instruction. 

• Register indirect. Address designation is made by the 
contents of a register pair designated by the instruc- 
tion. 

• Stack. Indirect address designation is made by the 
contents of the stack pointer (SP). 

Data memory addresses are from 00H to OFFH. The first 
64 locations are pre-assigned as display data for the FIP 
display (00H to 03BH) and the programmable pulse gen- 
erator (PPG) modulo section (03CH to 03FH). When dis- 
play data is written in 00H-03BH, the FIP 
controller/ driver automatically reads it and generates 
drive signals for the FIP. See figure 6. 

Addresses 00H-03FH cannot be accessed by stack op- 
erations. RAM locations 40H-0FFH can be used as a 
stack area addressed by the SP. This data memory area 
is used when executing call or return instructions 
(CALL, CALT, RT, RTS, RTSPW), push /pop instructions 
(PSHDE, PSHHL, POPDE, POPHL), and when answer- 
ing an interrupt. 

When executing a call instruction or interrupt oc- 
curence with interrupts enabled, the contents of the PC 
and program status word (PSW) are stored in the stack 
area. A push instruction stores the contents of DE or H L 
in the stack area. See figure 7. 

Figure 6. Data Memory Map 
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Figure 7. 


Push, Call, Interrupt 
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PCn-PCs 




PSW 


EorL 


PC3-PC0 


DorH 


PC7PC4 







Clock Generator 

The system clock generator consists of a crystal oscil- 
lator, a frequency divider, and a standby (stop/halt) 
mode control circuit, as shown in figure 8. When an ex- 
ternal crystal is connected to X1 and X2, the crystal os- 
cillator generates the f xx . (The notation 'f xx ' is used 
when referring to crystal oscillation; 'f x ' is used when an 
external clock is input.) It is also possible to obtain a 
clock by inputting an external clock into X1 and an in- 
verted clock to X2. 

The frequency divider divides the output of the crystal 
oscillator into four frequencies, as follows: 

• 1 /2 (pulse generator clock, PPG) 

• 1 /a (system clock, CLH) 



• V32 (system clock, CLL; and FOP controller clock, 
FIP) 

• "V128 (timer/event counter clock) 

The system clock (CL) may be "Vs or V32 frequency- 
divided, depending on the state of expansion mode reg- 
ister bit 2 (EM2)- EM2 = 1 selects Vs, and EM2 = selects 
V32. CL is supplied to all circuits except the FIP control- 
ler and PPG, which use the f xx x V32 and f xx x V2, re- 
spectively. CL is V2 frequency divided to supply the CPU 
(<t>) clock. CL is an input to the clock control circuitry 
used to generate the count pulse (CP) used by the timer/ 
event counter. 

The standby mode control circuit consists mainly of the 
stop and halt flip-flops. The stop flip-flop, when set, 
stops the crystal oscillator. There is no input to the fre- 
quency divider, so no clocks are output to the /iPD7516H 
circuitry. The STOP instruction sets the stop flip-flop; 
RESET clears it. The halt flip-flop, when set, inhibits the 
input to the V2 frequency divider that generates <j>, 
thereby stopping <|>. A HALT or STOP sets this flip-flop; it 
is reset by the RELEASE signal (generated when an in- 
terrupt flag is set) or at the falling edge of the internal 
reset (I RESET) signal. (I RESET is released after a wait- 
ing time following the release of the external RESET 
input.) 




Figure 8. Clock Generator Circuit 




Oscillation Stop 
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Oscillator 
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Note: 

[1] Instruction execution. 




<M 



-STOP [Note 1] 



-HALT (Note 1] 



^<fc 



=d-Ll 



-HALT RELEASE 



-»- CL (System Clock) 



-*• to Timer/event counter 
-»- +fip (to FIP controller) 



-»- 4ppg (to pulse generator) 
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Figure 9. Clock Control Circuit 
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Clock Control Circuit 

This circuit consists of a 4-bit clock mode register 
(CM0-CM3), three prescalers, and a multiplexer, as 
shown in figure 9. The circuit generates the clock pulse 
(CP) input to the timer/event counter from the following 
inputs: 

• System clock (CL) 

• V128 divided clock from the crystal oscillator (f xx /128) 

• External EVENT pulse 

Bit CM0-CM2 determine the clock input selection and 
divide ratio. CM3 gates the output of a timer out signal 
from the PTOUT (P2-|) pin. When CM3 = 1, output from 
the timer out flop-flop (TOUT) is output to P2v Executing 
an OP or OPL instruction loads the clock mode register. 
The format of the cfock mode register is shown in 
figure 10. 

Timer/ Event Counter 

This counter consists of an 8-bit counter register, an 8- 
bit modulo register, an 8-bit comparator, and a timer-out 
flip-flop, as shown in figure 11. 

The 8-bit count increments at every rising edge of the 
clock pulse (GP). It is cleared to when executing the 
TIMER instruction, a RESET input, or a coincidence sig- 
nal from the comparator. 



Figure 10. Clock Mode Register 
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h x J_ or t m x J_ 
8192 8192 





1 





EVENT input 





1 


1 






1 








CLxjL 
32 




1 





1 


<x * J— or *xx x — 
1024 1024 


1 


1 





Inhibit 


1 


1 


1 






CM3 


Designation of Timer Out F/F Output 





Stop 








1 


Output 










83-0029 


43A 



The modulo register determines the INTT signal inter- 
val. The contents of this register are set via the TAM- 
MOD instruction. RESET sets the contents to 0FFH. 

The timer-out flip-flop inverts with every INTT signal out- 
put from the comparator. Its output, TOUT, can by sent 
to the PTOUT pin when bit 3 (CM3) of the clock mode reg- 
ister is set. TOUT may also be used as a serial clock 
source to the serial interface. 
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Figure 11. Structure of the Timer/Event Counter 
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Serial Interface 

The serial interface is used for serial data I/O. It con- 
sists of an 8-bit shift register, a 4-bit shift mode register, 
and a 3-bit counter, as shown in figure 12. Figure 13 
shows the serial shift timing. 

The serial clock (SCK) controls the serial data communi- 
cation rate. An 8-bit byte clocks into the serial input (SI) 
port or out of the serial output (SO) port starting with the 
MSB. Data trans miss ion occurs synchronously with the 
falling edge of SCK. Data re cept ion occurs synchro- 
nously with the rising edge of SCK. 

The 3-bit counter counts the number of serial clock 
pulses. When a byte of serial data is transferred, an in- 
ternal interrupt signal (INTS) is generated. Selecting 
INTS (setting SM3 of the shift mode register to 0) sets 
the interrupt request flag, INTO/S RQF. 

The end of transfer of each byte can also be verified by 
testing INTS RQF with the SKI instruction instead of in- 
terrupt processing. 




Figure 12. Serial Interface Block Diagram 
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CPU Clock (<)>) 

When the SIO instruction executes, eight CPU clock 
pulses (<j>) are supplied to t he se rial interface for the se- 
rial c lock and output from SCK. After the eighth clock, 
SCK is fixed high level, automatically stopping serial 
data I/O after one byte has transferred. 

SCK does not have to be software controlled. Its trans- 
fer rate is determined by the frequency of f See table 1. 



Table 1. SCK Frequencies 




f xx Low Speed Mode 


High Speed Mode 


6.55 MHz 102.4 kHz 


409.6 kHz 


4.19 MHz 65.5 kHz 


262 kHz 
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Figure 13. Serial Shift Timing 
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Interrupt Function 

There are two external and two internal interrupts, with 
the specifications listed in table 2. The external inter- 
rupt INTO uses the POo port pin as the interrupt signal 
input, and has the same interrupt process as the inter- 
nal serial interrupt INTS. Selection of the interrupt is 
programmable and depends on the application. 

Table 2. Interrupt Specifications 



Source 



IntJ 

Ext 



Priority 



Vector 
Address 



INTT (coincidence signal from timer/event 
counter) 



int 



1 10H(16) 



INTO (interrupt signal from P0 terminal) ext 



20H(32) 



INTS (end of transfer signal from serial 
interface) 



int 



20H(32) 



INT1 (interrupt signal from INT1 terminal) 



ext 



30H(48) 



Interrupt Sequence 

When an interrupt goes active, the following occur: 

• A corresponding interrupt request flag is set. 

• The interrupt master enable flip-flop is reset. 

• The contents of the PC and PSW are saved in the 
stack. 

• An interrupt start address is generated and jumped 
to. 

• The interrupt request flag set by the interrupt is reset. 

Two machine cycles are required for interrupt execution, 
one for saving the return address and one for jumping to 
the interrupt start address. If several interrupts occur si- 
multaneously, all respective request flags are set, and 
the interrupt with the highest priority is processed. The 
remaining interrupts are pending until serviced by 



reenabling the master interrupt flip-flop or until their in- 
terrupt request flags are reset by executing a SKI in- 
struction. 

Figure 14 is a block diagram of the interrupt control 
circuit. 

FIP Controller/ Driver 

The FIP controller/driver consists of 60 4-bit nibbles of 
display memory (000-03BH of data RAM), a 4-bit display 
mode register (DM3-DM0), a 4-bit timing mode register 
(TM3-TM0), a 4-bit blanking mode register (BM3-BM0), 
an output selector, and a high voltage output driver. See 
figure 15. 

The FIP controller/ driver has 24 outputs for directly driv- 
ing a high voltage vacuum fluorescent display: 

• 8 segment signal outputs (S0-S7) 

• 8 timing signal (grid) outputs (T0-T7) 

• 8 timing or segment outputs O8/S8-T15/S15) 

The contents of the display mode register determines 
which of the five display modes is available to the user. 
The modes are as follows: 

• Static mode 

— 24 static output 

• Dynamic mode 

— 8 segment mode 

— 12 segment mode I 

— 12 segment mode II 

— 16 segment mode 

The contents of the timing mode register determine the 
number of display digits (1-16) and control the number 
of timing signals (T0-T15) output. Timing signals drive 
the grids of vacuum fluorescent display tubes. The 
voltage on the grid will determine the brightness of a 
digit (made up of one or more segments) or if the digit 
will be turned on or off. 

The width of the timing signal pulse can be adjusted at 
eight independent steps by the value loaded into the 
blanking mode register. This function is useful for dim- 
ming control and for preventing display cross-talk of ad- 
jacent digits. 

The active level of the timing signal can be designated 
high or low by bit DM 3 . 
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Figure 14. Interrupt Control Circuit Block Diagram 
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Figure 15. FIP Controller/ Driver Block Diagram 
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Display Mode Register (DM) 

This 4-bit write-only register (DM3-DM0) determines the 
display mode (dynamic, static, and off) of the FIP 
controller/ driver. It also determines the active level of 
the display timing signals. This is shown in figure 16. 

The DM register has an output address of OBH and is 
accessed by the output instructions OP and OPL when 
bit EM3 of the expansion mode register is set. The DM 
register is cleared by a RESET. 

Figure 17 showns a display example in 12-segment 
mode I. 



Figure 16. 


Display Mode Register Format 
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Figure 17. 
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Standby Function 

Two standby modes, stop and halt, hold device power 
consumption to a minimum. Stop mode is entered via 
the STOP instruction, and halt mode is entered via the 
HALT instruction. In stop mode, all clocks are stopped. 
In halt mode, only the CPU clock (<|>) is stopped. 

Stop mode can only be released by a RESET. Halt mode 
may be released either by a RESET or by the setting of 
an interrupt request flag. 

Stop Mode 

In stop mode, the contents of memory are retained, and 
all other functions are stopped. RESET releases stop 
mode. 

In stop mode, the X1 input is internally shorted to Vss in 
order to hold the crystal oscillator leakage to a mini- 
mum. A system using stop mode cannot use an external 
clock. 

Halt Mode 

When no interrupt flags are set, the HALT instruction 
causes the device to enter halt mode. In this mode, only 
<|> stops; all other clocks continue to operate. The follow- 
ing functions continue to operate: 

• Clock oscillation 

• Frequency division and output of clocks other than <j> 

• Event input 

• Timer/event counter 

• Serial interface (except when <|> is used as SCK) 

• FIP controller/driver 

• PPG 

• Interrupts (INTO, INTS, INTT, INT1) 

• RESET 

Since a set interrupt flag releases the device from halt 
mode, this mode cannot be entered if an interrupt re- 
quest flag is set. It is therefore necessary to reset the 
request flag(s) either by answering the interrupt(s) (set- 
ting the interrupt master enable F/F and process inter- 
rupt) or by executing the SKI instruction. 

In halt mode, CPU power consumption is eliminated. To 
hold power consumption to a minimum, all unneces- 
sary circuits should be inactive and the steps below 
should be taken: 

• Set the system clock (CL) to low speed 

• Set the FIP controller/driver to the off mode 

• Set t he PP G for static operation 

• Stop SCK input 



Low Supply Voltage Data Retention (^PD7516H 
only) 

Data retention is possible with Vqd as low as 2 V. Vqd 
should be lowered after the device is put in stop mode 
and while RESET is inactive. Stop mode cannot be re- 
leased in low voltage data retention mode; Vqd should 
first be raised to normal operation. 

Release of Stop Mode 

RESET releases stop mode. On RESET'S rising edge, 
the device mode changes to halt mode, starting clock 
oscillation. At the falling edge of RESET, a waiting time 
(about 62.5 ms/4.19 MHz, 40ms/6.55MHz) elapses, al- 
lowing for stabilization of crystal operation; following 
this the halt mode is released. After normal RESET oper- 
ation, the CPU begins program execution from address 
0000H. 

<B 
In the release operation, the contents of data memory 

are retained while the contents of other registers be- 
come undefined. 

Power-on Reset Circuit 

An example of the simplest power-on reset circuit using 
a resistor and capacitor is shown in figure 18. 

Figure 18. Power-on Reset Circuit 
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Figure 20. External Clock 
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Figure 21. External Circuit 
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Operating Characteristics (cont) 
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Description 

The/iPD7519, 7519H, 75CG19, and 75CG19H are CMOS 
4-bit, single-chip microcomputers with the ^PD7500 
series architecture and a FIP controller/driver. On- 
board peripheral functions include and 8-bit 
timer/event counter, an 8-bit serial interface, a 14-bit 
programmable pulse generator, and a display con- 
troller/driver that supervises all of the timing re- 
quirements of the 24 port S segment drivers either for 
a 16-character, 7-segment FIP, or an 8-character, 
14-segment FIP. 

Twenty-eight I/O lines are organized into seven 4-bit 
ports: the input serial interface port 0, output ports 
2 and 3, and I/O ports 1, 4, 5, and 6. 

The subroutine stack is implemented in RAM for 
greater nesting depth and flexibility, providing such 
operations as the pushing and popping of register 
values. 

The )l<PD7519 has a 7.63 ^s instruction cycle time at 
fxx = 4.19 MHz. The mPD7519H/75CG19H has a 
2.44 /us instruction cycle time at f xx = 6.55 MHz. 

Current consumption for the ^PD7519 is less than 2 
mA in normal operation (Vqd = 5 V ± 10%, f xx = 4.19 
MHz, high speed mode) and is further reduced in the 
halt and stop power-down modes. Forthe/uPD7519H, 
current consumption is less than 6 mA for normal 
operation (V DD = 5 V ± 10%, f xx = 6.55 MHz, high 
speed mode). 

The/uPD75CG19/75CG19H piggyback EPROM version, 
is available for prototyping and program development. 
It is pin-compatible and functionally equivalent to the 
masked version. 

Note: FIP is the registered trademark for NEC's fluorescent indi- 
cator panel (vacuum fluorescent display). 



Features 

□ 4096 x 8-bit program memory (ROM) 

□ 256 x 4-bit data memory (RAM) 

□ 28 I/O lines 

□ Programmable FIP controller/driver 

— 24 high-voltage output lines 

□ 8-bit serial interface 

□ 8-bit timer/event counter 

□ Programmable pulse generator (PPG) 

— Variable duty port (D/A converter) 

— Signal generator port 

— 1-bit output port 

□ Vectored, prioritized interrupts 

— Two external: INTO, INT1 

— Two internal: timer (INTT) and serial (INTS) 

□ Four 4-bit general purpose registers 

□ 106 instructions; subset of /uPD7500 series 
instructions set A 

— Look-up-table capability 

— Indirect indexed addressing 

□ Instruction cycle 

— hPD7519 low speed mode: 15.26 pts/4.19 MHz 

— uPD7519 high speed mode: 7.63 /us/4.19 MHz 

— /uPD7519H low speed mode: 15.26 /is/4.19 MHz 

— /uPD7519H low speed mode: 9.77 /us/6.55 MHz 

— mPD7519H high speed mode: 3.81 /us/4.19 MHz 

— /uPD7519H high speed mode: 2.44 hs/6.55 MHz 

□ Two power-down modes 

□ Single power supply (2.5 V to 6.0 V) 




Ordering Information 




Part Number 


Package Type 


Max Frequency 
of Operation 


A/PD7519G-12 


64-pin plastic miniflat 


4.19 MHz 


//PD7519G-36 


64-pin plastic QUIP 


4.19 MHz 


//PD7519CW 


64-pin plastic shrink DIP 


4.19 MHz 


//PD75CG19E 


64-pin ceramic piggyback QUIP 


4.19 MHz 


A/PD7519HG-12 


64-pin plastic miniflat 


6.55 MHz 


//PD7519HG-36 


64-pin plastic QUIP 


6.55 MHz 


//PD7519HCW 


64-pin plastic shrink DIP 


6.55 MHz 


//PD75CG19HE 


64-pin ceramic piggyback QUIP 


6.55 MHz 
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Pin Configurations 

64-Pln Plastic Mlnlflat 
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Pin Configurations (cont) 

64-Pin Ceramic Piggyback QUIP 















P2 /PSTB C 


1 


KJ 


64 


3V DD 


P2 1 /PT0UT C 


2 






63 


3 INT1 


P2 2 /PCL C 


3 






62 


HP3 3 


P2 3 C 


4 






61 


3 P3 2 


RESET C 


5 


><PD75CG19/19H 


60 


HP3i 


PPO c 


6 






59 


HP3o 


NC C 


7 






58 


3 v PRE 


POo/INTO C 


8 






57 


3 NC 


POi/SCK C 


9 






56 


DTo 


P0 2 /SO C 


10 


VddC 


1 v. 


Jtt 


3 Vdd 


55 


UTt 


PO3/SI C 


11 


MSEL C 


2 


27 


HVdd 


54 


HT 2 


P6 C 


12 


A7C 


3 


26 


3 Vdd 


53 


3t 3 


P61 C 


13 


A 6 C 


4 


25 


3 Aa 


52 


:t 4 


P6 2 c 


14 


A5C 


5 


24 


DA9 


51 


HT 5 


P63C 


15 


A„C 


6 


23 


H An 


50 


3t 6 


P5o C 


16 


A3C 


7 


22 


H V SS 


49 


:t 7 


P5iC 


17 


A 2 C 


8 


21 


3 A 10 


48 


3 T 8 /S 8 


P5 2 C 


18 


A,C 


9 


20 


Del 


47 


3 T 9 /S 9 


P5 3 C 


19 


AoC 


10 


19 


HI7 


46 


3 T10/S10 


P1oC 


20 


loC 


11 


18 


Hie 


45 


3 Tn/Sn 


P11 C 


21 


I1C 


12 


17 


3 is 


44 


3 Ti 2 /Si 2 


P1 2 [I 


22 


I2C 


13 


16 


Di4 


43 


3 T13/S13 


P13 c 
NC C 


23 
24 


VssC 


14 


15 


HI3 


42 
41 


n T14/S14 

D T 1S /S 15 










P4 C 


25 






40 


3 So 


P41 C 


26 






39 


US, 


P4 2 C 


27 






38 


3S 2 


P4 3 C 


28 






37 


Hs 3 


EVENT C 


29 






36 


HS 4 


X2 C 


30 






35 


:s 5 


X1 C 


31 






34 


:s 6 


VssC 


32 






33 


:s 7 












83-002935A 



Pin Identification 



Flatpack, Shrink DIP, and QUIP Packages 



Flat 



QUIP0) Name 



Function 



7, 24 NC 



No connection 



2 


8 


POn/INTO 


3 


9 


POt/SCK 


4 


10 


po 2 /so 



Port or external interrupt INTO 
and the serial I/O interface 



5 


11 


PO3/SI 




6-9 


12-15 


P60-P63 


Port 6 


10-13 


16-19 


P5 -P5 3 


Port 5 


14-17 


20-23 


P10-P13 


Port 1 


18-21 


25-28 


P4 -P4 3 


Port 4 


22 


29 


EVENT 


Timer/event counter input 


23-24 


30-31 


X2, X1 


Crystal clock input 


25 


32 


v S s 


Ground 


26, 58 


64 


Vdd 


Power supply positive 


27-34 


33-40 


S0-S7 


Segment outputs 


35-42 


41-48 


T 8 /S 8 - 
T 15 /S 15 


Timing/segment outputs 


43-50 


49-56 


T0-T7 


Timing outputs 


51 


57 


V L0AD 


High voltage option resistor sup- 
ply negative. This pin is not used 
(NC) in the p(PD75CG19/75CG19H. 


52 


58 


V PRE 


High voltage predriver supply 
negative 


53-56 


59-62 


P3 -P3 3 


Port 3 


57 


63 


INT1 


External interrupt 




59 


1 


P2 /PSTB 


60 


2 


P2 1 /PT0UT 


61 


3 


P2 2 /PCL 



Port 2, or port 1 STB signal, 
timer F/F output, internal CL out- 
put, and general purpose output 



62 


4 


P2 3 




63 


5 


RESET 


RESET input 


64 


6 


PPO 


PPG output 



Note: 

(1) This QUIP pin identification is also true for the shrink DIP and 
piggyback packages. 
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Pin Identification (cont) 



EPROM Socket on 


Piggyback QUIP 


No. 


Symbol 


Function 


1 


v D d 


Unused 


2 


MSEL 


Unused 


3-10, 21, 
23-25 


Ao-Au. 


Program counter output 


11-13, 
15-19 


I0-I7 


Data input from the 2732 


14 


Vss 


Same as bottom pin 32; connected to 
2732 GND pin 


20 


CE 


Chip enable output 


22 


Vss 


Same as bottom pin 32; supplies 0E 
signal to the 2732 


26 


Vdd 


Same as bottom pin 64; supplies Vrjrj 
to the 2732 


27, 28 


Vdd 


Unused 



Pin Functions 



PO /INTO, POi/SCK, P0 2 /SO, PO3/SI (Port 0) 

This port can be configured as the 4-bit, parallel in- 
put port 0, or as the 8-bit serial I/O interface under con- 
trol of the serial mode select register. The serial in- 
terface consists of the seria l input (SI), serial output 
(SO), and serial clock (SCK) used for synchronizing 
data transfer. Line POo is shared with external inter- 
rupt INTO, which is a rising edge-triggered interrupt. 

PI0-PI3 (Port 1) 

Individual lines can be configured as a 4-bit input or 
as a latched, three-state output under control of the 
port 1 mode select register. 



P2 /PSTB, P2 1 /PTOUT, P2 2 /PCL, P2 3 (Port 2) 



P2 -P2 3 are the 4-bit latched output port 2. PSTB is 
the port 1 output strobe pulse. PTOUT is the timer-out 
F/F signal. POL is the internal system clock output. 
P2 3 is a general purpose output. 

P3 -P3 3 (Port 3) 

4-bit, latched three-state output port 3. 

P4 -P4 3 (Port 4) 

4-bit latched three-state I/O port. Can perform 8-bit 
parallel I/O in conjunction with port 5. 

P5 -P5 3 (Port 5) 

4-bit latched three-state I/O port. Can perform 8-bit 
parallel I/O in conjunction with port 4. 



P6 -P6 3 (Port 6) 

Individual lines can be configured as a 4-bit input or 
as a latched, three-state output under control of the 
port 6 mode select register. 

EVENT 

1-bit external event input for the timer/event counter. 

S0-S7, Ts/Sg-T^/S-is, T0-T7 

High voltage outputs. S0-S7 are segment driver out- 
puts, and T0-T7 are digit driver outputs. T8/S8-T15/S-15 
can be configured as either segment or digit driver 
outputs under control of the display mode select 
register. 

INT1 

External, rising edge triggered interrupt. 

PPO 

1-bit programmable pulse generator output. PPO can 
operate as the pulse width modulation output, the 
signal generator port, or as a 1-bit output port, as dic- 
tated by the PPG mode select register. 

RESET 

RESET input. R/C circuit or pulse initializes 
jiPD7519/7519H and also releases stop or halt mode. 

X2, X1 

Crystal clock connection. A crystal oscillator circuit 
is connected to X1 and X2 for system clock operation. 
Or, an external clock may be connected to X1 and an 
inverted clock to X2. 

VpRE 

High voltage predriver supply. Apply single voltage 
from Vdd _1 2 V to Vdd for proper display operation. 

Vload 

High voltage option resistor supply negative. Apply 
single voltage from Vdd - 40 V to Vdd for proper 
display operation. This pin is not used (NC) in the 
M PD75CG19/75CG19H. 

Vdd 

Power supply positive. Apply single voltage ranging 
from 2.5 V to 6.0 V for proper operation. 

Vss 

Ground. 
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Pin Functions, EPROM Socket 

Ao-An (Address) 

Output the 12 bits of the program counter (PC -PCii), 
which are the address signals of EPROM 2732. 

I0-I7 (Data Input) 

Input data from the 2732. 

CE (Chip Enable) 

Outputs the chip enable signal to the 2732. 

V DD (Pin 1) 

Electrically equivalent to Vdd of the bottom pins. Pro- 
vided for future devices. Use in the open condition. 



V DD (Pins 27, 28) 

Electrically equivalent to V D d of the bottom pins. Do 
not use these pins. 

V SS (Pin 22) 

Electrically equivalent to Vss of the bottom pins. Sup- 
plies OE signal to the 2732. 

V S s (Pin 14) 

Electrically equivalent to Vss of the bottom pins. Con- 
nected to 2732 GND pin. 

MSEL 

Provided for future devices. Use in the open condition. 



V D d (Pin 26) 

Electrically equivalent to V D d of the bottom pins. Sup- 
plies V C c to the 2732. 




Block Diagram, /J>D7519I7519H 
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Block Diagram, l<PD75CG19/75CG19H 
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Functional Description 

Program Memory (ROM), 4096 Words x 8 Bits 

This mask programmable memory is addressed by the 
program counter (PC), and is used to store programs 
and table data. See figure 1. 

General Purpose Registers 

Four 4-bit general purpose registers (D, E, H, L) may 
be paired as follows for 8-bit operations: DE, HL, and 
DL. These 8-bit register pairs are commonly used as 
pointers to memory locations. When using the HL 
register pair as a data pointer, auto-increment and 
-decrement of the L register may be specified. 

Data Memory (RAM), 256 Words x 4 Bits 

This static RAM is used to store display and opera- 
tion data. It may also function with the accumulator 
(A) for 8-bit data processing. 

There are three types of data memory addressing: 

• Direct. Address designation is made on the second 
byte of the instruction. 

• Register indirect. Address designation is made by 
the contents of a register pair designated by the 
instruction. 

• Stack. Indirect address designation is made by the 
contents of the stack pointer (SP). 

Figure 1. Program Memory Map 
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1FFFH 


' r 








Reference table (16 x 8) 
for LHLT instruction 




Reference table (48 x 8) 
for CALT instruction 



Data memory addresses are from 00H to OFFH. The 
first 64 locations are pre-assigned as display data for 
the FIP display (00H to 03BH) and the programmable 
pulse generator (PPG) modulo section (03CH to 03FH). 
When display data is written in 00H-03BH, the FIP con- 
troller/driver automatically reads it and generates 
drive signals for the FIP. See figure 2. 

Addresses 00H-03FH cannot be accessed by stack 
operations. RAM locations 40H-0FFH can be used as 
a stack area addressed by the SP. This data memory 
area is used when executing call or return instructions 
(CALL, CALT, RT, RTS, RTSPW), push/pop instructions 
(PSHDE, PSHHL, POPDE, POPHL),and when answer- 
ing an interrupt. 

When executing a call instruction or interrupt occur- 
rence with interrupts enabled, the contents of the PC 
and program status word (PSW) are stored in the stack 
area. A push instruction stores the contents of DE or 
HL in the stack area. See figure 3. 

Figure 2. Data Memory Map 
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Clock Generator 

The system clock generator consists of a crystal 
oscillator, a frequency divider, and a standby 
(stop/halt) mode control circuit, as shown in figure 4. 
When an external crystal is connected to X1 and X2, 
the crystal oscillator generates the f xx . (The notation 
'f xx ' is used when referring to crystal oscillation; 'f x ' 
is used when an external clock is input.) It is also 
possible to obtain a clock by inputting an external 
clock into X1 and an inverted clock to X2. 

The frequency divider divides the output of the crystal 
oscillator into four frequencies, as follows: 

• 1/2 (pulse generator clock, PPG) 

• 1/8 (system clock, CLH) M PD7519H only 

• 1/16 (system clock, CLH) jiPD7519 only 

• 1/32 (system clock, CLL; and FIP controller clock, 
FIP) 

• 1/128 (timer/event counter clock) 

The system clock (CL) may be 1/8 ( M PD7519H), 1/16 
(fiPD7519) or 1/32 frequency-divided, depending on the 
state of expansion mode register bit 2 (EM 2 ). EM2 = 
1 selects 1/8 0iPD7519H) and 1/16 (ptPD7519), and EM 2 
= selects 1/32. CL is supplied to all circuits except 



the FIP controller and PPG, which use the f xx x 1/32 
and f xx x 1/2, respectively. CL is 1/2 frequency divid- 
ed to supply the CPU (<|>) clock. CL is an input to the 
clock control circuitry used to generate the clock 
pulse (CP) used by the timer/event counter. 

The standby mode control circuit consists mainly of 
the stop and halt flip-flops. The stop flip-flop, when 
set, stops the crystal oscillator. There is no input to 
the frequency divider, so no clocks are output to the 
ptPD7519/7519H circuitry. The STOP instruction sets 
the stop flip-flop, and RESET clears it. The halt flip- 
flop, when set, inhibits the input to the 1/2 frequency 
divider that generates <|>, thereby stopping <|>, A HALT 
or STOP sets this flip-flop; it is reset by the RELEASE 
signal (generated when an interrupt flag is set) or at 
the falling edge of the internal reset (IRESET) signal. 
(IRESET is released after a waiting time following the 
release of the external RESET input.) 



Figure 4. Clock Generator Circuit 
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Note: 

[1] Instruction execution. 
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Clock Control Circuit 

This circuit consists of a 4-bit clock mode register 
(CM -CM3), three prescalers, and a multiplexer, as 
shown in figure 5. The circuit generates the clock 
pulse (CP) input to the timer/event counter from the 
following inputs: 

• System clock (CL) 

• 1/128 divided clock from the crystal oscillator 
(fxx/128) 

• External EVENT pulse 

Bits CM0-CM2 determine the clock input selection 
and divide ratio. CM3 gates the output of a timer out 
signal from the PTOUT (P2-0 pin. When CM 3 = 1, out- 
put from the timer out flip-flop (TOUT) is output to P2-). 
Executing an OP or OPL instruction loads the clock 
mode register. 

The format of the clock mode register is shown in 
figure 6. 

Figure 5. Clock Control Circuit 



Figure 6. Clock Mode Register 
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OP, OPL [Note 1] 



to Timer/Event 
Counter ' 



Prescaler 1 
(1/4) 



Note: 

[1] Instruction execution. 
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Timer/Event Counter 

This counter consists of an 8-bit count register, an 
8-bit modulo register, an 8-bit comparator, and a timer- 
out flip-flop, as shown in figure 7. 

The 8-bit count increments at every rising edge of the 
clock pulse (CP). Executing the TIMER instruction, a 
RESET input, or a coincidence signal from the com- 
parator clears it to 0. 

The modulo register determines the INTT signal in- 
terval. The contents of this register are set via the 
TAMMOD instruction. RESET sets the contents to 
OFFH. 

The timer-out flip-flop inverts with every INTT signal 
output from the comparator. Its output, TOUT, can be 
sent to the PTOUT pin when bit 3 (CM 3 ) of the clock 
mode register is set. TOUT may also be used as a 
serial clock source to the serial interface. 

Figure 7. Structure of the Timer/Event Counter 
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[1] Instruction execution. 
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Serial Interface 

The serial interface, used for serial data I/O, consists 
of an 8-bit shift register, a 4-bit shift mode register, 
and a 3-bit counter, as shown in figure 8. Figure 9 
shows the serial shift timing. 

The serial clock (SCK) controls the serial data com- 
munication rate. An 8-bit byte clocks into the serial 
input (SI) port or out of the serial output (SO) port start- 
ing with the MSB. Data transmis sion occurs synchro- 
nously with the falling edge of SCK. Data rece ption 
occurs synchronously with the rising edge of SCK. 

The 3-bit counter counts the number of serial clock 
pulses. When a byte of serial data is transferred, an 
internal interrupt signal (INTS) is generated. Selecting 
INTS (setting SM 3 of the shift mode register to 0) sets 
the interrupt request flag, INTO/S RQF. 

The end of transfer of each byte can also be verified 
by testing INTS RQF with the SKI instruction instead 
of interrupt processing. 
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Figure 8. Serial Interface Block Diagram 
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Figure 9. Serial Shift Timing 
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the internal serial interrupt INTS. Selection of the in- 
terrupt is programmable and depends on the 
application. 

Table 1. SCK Frequencies 



f xx 



Low Speed Mode 



High Speed Mode 



6.55 MHz 



102.4 kHz 



409.6 kHz (jLtPD7519H) 



4.19 MHz 



65.5 kHz 



262 kHz (,iPD7519H) 



4.19 MHz 



65.6 kHz 



131 kHz ( M PD7519) 



CPU Clock (+) 

When the SIO instruction executes, eight CPU clock 
pulses (<|>) are supplied to the seria l interface for the 
serial cloc k and output from SCK. After the eighth 
clock, SCK is fixed high level, automatically stopping 
serial data I/O after one byte has transferred. 

SCK does not have to be software controlled. Its 
transfer rate is determined by the frequency of <(>. See 
table 1. 

Interrupt Function 

There are two external and two internal interrupts, 
with the specifications listed in table 2. The external 
interrupt INTO uses the POo port pin as the interrupt 
signal input, and has the same interrupt process as 



Table 2. Interrupt Specifications 



Source 



Int/Ext 



Priority Vector Address 



INTT (coincidence signal 
from timer/event counter) 



int 



INTO (interrupt signal from 
POq terminal) 



ext 



INTS (end of transfer 
signal from serial interface) 



int 



INT1 (interrupt signal from 
INT1 terminal) 



ext 



10H(16) 



20H(32) 



20H(32) 



30H(48) 
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Interrupt Sequence 

When an interrupt goes active, the following occur: 

• A corresponding interrupt request flag is set. 

• The interrupt master enable flip-flop is reset. 

• The contents of the PC and PSW are saved in the 
stack. 

• An interrupt start address is generated and jumped 
to. 

• The interrupt request flag set by the interrupt is 
reset. 



Two machine cycles are required for interrupt execu- 
tion, one for saving the return address and one for 
jumping to the interrupt start address. If several in- 
terrupts occur simultaneously, all respective request 
flags are set, and the interrupt with the highest priori- 
ty is processed. The remaining interrupts are pending 
until serviced by reenabling the master interrupt flip- 
flop or until their interrupt request flags are reset by 
executing a SKI instruction. 

Figure 10 is a block diagram of the interrupt control 
circuit. 



Figure 10. Interrupt Control Circuit Block Diagram 
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FIP Controller/Driver 

The FIP controller/driver consists of 60 4-bit nibbles 
of display memory (000-03BH of data RAM), a 4-bit 
display mode register (DM3-DM0), a 4-bit timing mode 
register (TM3-TM0), a 4-bit blanking mode register 
(BM3-BM0), an output selector, and a high voltage out- 
put driver. See figure 11. 

The FIP controller/driver has 24 outputs for directly 
driving a high voltage vacuum fluorescent display: 

• 8 segment signal outputs (S0-S7) 

• 8 timing signal (grid) outputs (T0-T7) 

• 8 timing or segment outputs OWS8-T15/S15 

The content of the display mode register determines 
which of five display modes is available to the user. 
The modes are as follows: 

• Static mode 

— 24 static output 

• Dynamic mode 

— 8 segment mode 

— 12 segment mode I 

— 12 segment mode II 

— 16 segment mode 



The content of the timing mode register determines 
the number of display digits (1-16), and controls the 
number of timing signals (T0-T15) output. Timing 
signals drive the grids of vacuum fluorescent display 
tubes. The voltage on the grid will determine the 
brightness of a digit (made up of one or more 
segments) or if the digit will be turned on or off. 

The width of the timing signal pulse can be adjusted 
at eight independent steps by the value loaded into 
the blanking mode register. This function is useful for 
dimming control and for preventing display cross-talk 
of adjacent digits. 

The active level of the timing signal can be designated 
high or low by bit DM3. 




Figure 


11. FIP Controller/Driver Block Diagram 
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Display Mode Register (DM) 

This 4-bit write-only register (DM3-DM0) determines 
the display mode (dynamic, static, and off) of the FIP 
controller/driver. It also determines the active level of 
the display timing signals. This is shown in figure 12. 



Figure 12. 
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The DM register has an output address of 0BH and 
is accessed by the output instructions OP and OPL 
when bit EM3 of the expansion mode register is set. 
The DM register is cleared by a RESET. 

Figure 13 shows a display example in 12 segment 
mode I. 



Figure 13. Display Example in 12 Segment Mode I 
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Standby Function 

Two standby modes, stop and halt, hold device power 
consumption to a minimum. Stop mode is entered via 
the STOP instruction, and halt mode is entered via the 
HALT instruction. In stop mode, all clocks are 
stopped. In halt mode, only the CPU clock (<(>) is 
stopped. 

Stop mode can only be released by a RESET. Halt 
mode may be released either by a RESET or by the 
setting of an interrupt request flag. 

Stop Mode 

In stop mode, the contents of memory are retained, 
and all other functions are stopped. RESET releases 
stop mode. 

In stop mode, the X1 input is internally shorted to Vss 
in order to hold the crystal oscillator leakage to a 
minimum. A system using stop mode cannot use an 
external clock. 

Halt Mode 

When no interrupt flags are set, the HALT instruction 
causes the device to enter halt mode. In this mode, 
only <j) stops; all other clocks continue to operate. The 
following functions continue to operate: 

• Clock oscillation 

• Frequency division and output of clocks other 
than <|> 

• Event input 

• Timer/event counter 

• Serial interface (except when <(> is used as SCK) 

• FIP controller/driver 

• PPG 

• Interrupts (INTO, INTS, INTT, INT1) 

• RESET 

Since a set interrupt flag releases the device from halt 
mode, this mode cannot be entered if an interrupt re- 
quest flag is set. It is therefore necessary to reset the 
request flag(s) either by answering the interrupt(s) 
(setting the interrupt master enable F/F and process 
interrupt) or by executing the SKI instruction. 



In halt mode, CPU power consumption is eliminated. 
To hold power consumption to a minimum, all un- 
necessary circuits should be inactive and the steps 
below should be taken: 

• Set the system clock (CL) to low speed 

• Set the FIP controller/driver to the off mode 

• Set t he PP G for static operation 

• Stop SCK input 

Low Supply Voltage Data Retention 
fcPD751 9/751 9H only) 

Data retention is possible with Vqd as low as 2 V. Vqd 
should be lowered after the device is put in stop 
mode, and while RESET is inactive. Stop mode can- 
not be released in low voltage data retention mode; 
V DD should first be raised to normal operation. 

Release of Stop Mode 

RESET releases stop mode. On RESET's rising edge, 
the device mode changes to halt mode, starting clock 
oscillation. At the falling edge of RESET, a waiting 
time (about 62.5 ms/4.19 MHz, 40 ms/6.55 MHz) 
elapses, allowing for stabilization of crystal operation, 
following which halt mode is released. After normal 
RESET operation, the CPU begins program execution 
from address 0000H. 

In the release operation, the contents of data memory 
are retained while the contents of other registers 
become undefined. 

Power-on Reset Circuit 

An example of the simplest power-on reset circuit 
using a resistor and capacitor is show in figure 14. 

Figure 14. Power-on Reset Circuit 
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Application 

The >iPD7519/7519H has a variety of flexible powerful 
functions and is best suited for the following 
applications: 

• Video tape recorders 

• Plain paper copiers 

• Electronic cash registers 

• Telephone sets 

• Electronic scales 

• Automobiles 

Figures 15-18 show how to apply the device to a 
digital tuning system, a telephone, an ECR, and 
automotive equipment. 



Figure 15. Digital Tuning System Application 
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Figure 16. Telephone Application 
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Figure 17. ECR Application 
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Figure 18. Automotive Equipment Application 
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Absolute Maximum Ratings 

T A = 25°C 



Supply voltages, Vqd 




-0.3 V to +7 V 


V LO ad (mPD751 9/751 9H) 


(Vdd 


- 40) to (V DD + 0.3) 


V PRE 


(Vdd 


- 12) to (V DD + 0.3) 


Input voltage, V| 




■0.3 Vto(V DD + 0.3) 


Output voltage, Display outputs, Vo 


(Vdd 


- 40) to (V DD + 0.3) 


Other outputs, Vod 




■0.3 V to (V DD + 0.3) 


Output current high, Iqh 


Per pin, other than display outputs 




-15 mA 


Per pin, S0-S7 




-15 mA 


Per pin, T -T 7 , T 8 /S 8 -Ti 5 /S 15 




-30 mA 


Total, display outputs, nPD751 9/751 9H 


-120 mA 


Display outputs, nP'D75CG19/75CG19H 


I 


-90 mA 


Total, other than display outputs 




-20 mA 


Output current low, Iol 


Per pin 




17 mA 


Total, all output ports 




60 mA 


Total power consumption (1), PT 
Plastic flat package (^PD7519/7519H) 




400 mW 


Plastic QUIP, (fiPD7519/7519H) 




600 mW 


Operating temperature, Tnpy 




-10°C to +70°C 


Storage temperature, Tstg 




-65°C to +150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Note: 

(1) Calculation of PT: There are three kinds of power consumption, 
the total of which should be less than the total power consump- 
tion (PT) in this specification. Use of less than 80% of PT is 
recommended. The three different power consumptions are as 
follows: 

1. CPU power consumption. V DD (max) x l[)Di(max) 

2. Power consumption of output pins. This includes both 
normal output and display output. Calculate the total 
consumption of each output pin to which the maximum 
current flows. 

3. Power consumption of on-chip pull-down resistors (mask 
option). 

Example 

Configuration: 

9 segments x 11 digits, 4 LED outputs 

V DD = 5 V ± 10%, 4.19 MHz oscillation 

Segment pin = 5 mA (max) 

Timing pin = 15 mA (max) 

LED output pin = 10 mA (max) 

Vacuum fluorescent display (V load) = -30 V 

Consumption: 

(1) CPU 

5.5 V x 2.0 mA = 11 mW 

(2) Output pins 

Segment pins: (5/7 x 2 V) x 5 mA x 9 = 64 mW 

Timing pins: 2 V x 15 mA = 30 mW 

LED output pins: (10/15 x 2 V) x 10 mA x 4 = 53 mW 

(3) Pull-down resistors 

(30 + 5.5 V) 2 /80 kfi x 10 = 158 mW 

Therefore, PT = (1) + (2) + (3) = 316 mW 
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Capacitance 

T A = 25°C; V DD = 


V 
Symbol 


Limits 


Unit 


Test 
Conditions 


Operatii 

T A = -10°C 
Parameter 


ig SuppI: 

; to +70°c 

Limits 


y Voltages 

Test 
Conditions 




Parameter 


Min Typ Max 


Min Max 


Unit 




Input capacitance 

Output capacitance, 
Display outputs 
Other outputs 

I/O capacitance 


C| 
Co 

C|0 


15 

35 
15 
15 


PF 

PF 
Pf 
PF 


f c = 1 MHz 
Unmeasured 
pins are con- 
nected to V 


CPU (1) 

jjPD7519/ 

75CG19 


4.0 6.0 
2.5 6.0 


V 
V 


f x = 0.4 MHz to 4.2 MHz 
fxx = 3.5 MHz to 
4.2 MHz 


High speed 
mode, 
EM2 = 1 

Low speed 

mode, 

EM2=0 




CPU (1) 

MPD7519H/ 

75CG19H 


4.5 6.0 
4.0 6.0 


V 
V 


f x , f^ = 4.2 MHz to 
6.6 MHz 

t x = 0.1 MHz to 4.2 MHz 
fxx = 3.5 MHz to 4.2 MHz 


High speed 
mode, 
EM2 = 1 


• 


4.5 6.0 
2.5 6.0 


V 
V 


f x , fxx = 4.2 MHz to 6.6 
MHz 

f x = 0.1 MHz to 4.2 MHz 
fxx = 3.5 MHz to 4.2 MHz 


Low speed 

mode, 

EM2=0 




Crystal oscilla- 
tion circuit (2) 
MPD7519/ 
75CG19 


2.7 6.0 
2.85 6.0 


V 
V 


C-i = 10 pF 
C2 ^ 10 pF 

C-\ = 10 pF 
C 2 <, 22 pF 


Crystal 
Oscillator 




2.5 6.0 


V 




External 
clock 




Crystal oscilla- 
tion circuit (2) 
/iPD7519H/ 
75CG19H 


4.5 6.0 
2.7 6.0 
2,85 6.0 


V 
V 
V 


fxx = 4.2 MHz to 6.6 MHz 
C-\ = 10 pF, C 2 <, 10 pF 

Ci = 10 pF, C 2 <, 10 pF 

fxx = 3.5 MHz to 4.2 MHz 

Ci = 10 pF, C 2 ^ 22 pF 
fxx = 3.5 MHz to 4.2 MHz 


Crystal 
Oscillator 



I 



2.6 6.0 V 



External 
clock 



Display 
controller 


4.0 6.0 


V 




PPG 


4.0 6.0 


V 




Port 1 


2.5 6.0 


V 


Port output mode 




4.0 6.0 


V 


I/O expander mode 



Note: 

(1) Except the crystal oscillation circuit, display controller, PPG, 
and port 1. 

(2) The circuits in figures 19 and 20 are recommended. 



3-217 



M PD7519/19H 



NEC 



DC Characteristics 

T A = -10°Cto +70°C 

p<PD7519/7519H: V DD = 2.5 V to 6 V; M PD75CG19/75CG19H: V DD = 5 V ± 10% 



Display output current 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln Typ 


Max 


Conditions 


Input voltage high 


Vim 


0.7 


Vdd 


Vdd 


V 


Other than X1, X2 




V IH2 


V D D 


-0.4 


Vdd 


V 


X1, X2(1) 


Input voltage low 


V|L1 


I 





0.3 v DD 


V 


Other than X1, X2 




V|L2 


I 





0.4 


V 


X1, X2 (1) 


Output voltage high 


V H 


v DD 


-1.0 




V 


V D d = 5 V ± 10%, IrjH = -1 mA 




Vdd 


-0.5 




V 


MPD7519/19H only, l 0H = -100 ^A 


Output voltage low 


Vol 






0.4 
0.5 


V 
V 


V DD = 5 V ± 10%, Iol = 1.6 mA; 
M PD7519/19H only, l 0L = 400 ^A 


Input leakage current high 


'LIH1 






3 


ma 


V| = V DD ; other than X1, X2 




'LIH2 






20 


ma 


V| = V DD ; X1, X2 


Input leakage current low 


■lili 






-3 


ma 


V| = V; other than X1, X2 




'UL2 






-20 


ma 


V| = V; X1, X2 


Input leakage current 


IlL 






-200 


kA 


HPD75CG19H only V| = V, l — l 7 


Output leakage current high 


'loh 






3 


ma 


v = v D0 


Output leakage current low 


■loli 






-3 


ma 


Vo = V; other than display outputs 




! L0L2 






-10 


ma 


v o = v load = v dd- 35 V; display outputs 



'OD 



-7 



mA S -S 7 



Vpre = V DD -9 V ± 1 V(2) 



mA 



/uPD75CG19/75CG19H V 0D 

V DD = 4 V to 6 V 



V DD - 2 v 



-15 



mA T -T 15 



-10 



mA nPD75CG19/75CG19H 



-3 



mA S -S 7 V PRE = V 



-2 



mA 



HPD75CG19/75CG19H V 0D = V DD -2 V 
V D d = 4 V to 6 V 



-7 



mA T -T 15 







-5 






mA 


HPD75CG19/75CG19H 


On-chip pull-down resistance, 
MPD7519 


Rl 


80 


140 


220 


kfi 


v od - v load = 35 v 


On-chip pull-down resistance, 
HPD7519H 


R L 


40 


70 


120 


kfi 


v od - v load = 35 v 
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DC Characteristics (cont) 

T A = -10°Cto +70°C 

>iPD751 9/751 9H: V DD = 2.5 V to 6 V; ^PD75CG19/75CG19H: V DD = 5 V ± 10% 



Limits 



Parameter 



Symbol 



Min 



Typ 



Unit 



Test 
Conditions 



Supply current, ^PD7519 (3) 



"DD1 



600 



2000 



^A 



High speed V DD = 5 V ± 10% 4.19 MHz crystal 
C1 = C2 = 10 pF 



200 



700 



piA Low speed V DD = 3 V ± 10% 



260 



800 



nA Low speed halt mode Vqd = 5 V ± 10% 





120 


400 


MA 


Low speed halt mode Vqd = 3 V ± 10% 


>DD3 


0.1 


10 


^ 


Stop mode 


f DD1 


700 


2000 


ma 


High speed 4.19 MHz crystal C1 = C2 = 10 pF 


'DD2 


350 


800 


ma 


Low speed halt mode Vqd = 5 V ± 10% 


'DD1 


2.0 


6.0 


mA 


High speed 6.55 MHz crystal 


l DD2 


0.6 


1.9 


mA 


Halt mode C1 = C2 = 10 pF V DD = 5 V ± 10 


'DD1 


1.3 


4.0 


mA 


High speed 4.19 MHz crystal V DD = 5 V ± 10% 
C1 = C2 = 10 pF 




250 


800 


M 


Low speed V DD = 3 V ± 10% 


>DD2 


450 


1500 


ma 


Low speed halt mode Vqd = 5 V ± 10% 




150 


400 


^ 


Low speed halt mode Vqd = 3 V ± 10% 



Supply current, ^PD75CG19 (3) 
Supply current, ^PD7519H (3) 



'DD3 



E 



0.1 



20 



/iA V DD = 5 V ± 10% Stop mode 



0.1 



10 



nA V DD = 3 V ± 10% 



Supply current, nPD75CG19H (3) t 0D1 



'DD2 



"DD3 



1.2 



3.6 



mA High speed V D d = 5 V ± 10% 

6.55 MHz crystal C1 = C2 = 10 pF 



1.0 3.0 



mA High speed halt mode Vno = 4.75 to 5.5 V 4.19 
MHz crystal C1 = C2 = 10 pF 



350 1000 iaA Low speed halt mode V D0 = 5 V ± 10% 

4.19 MHz crystal C1 = C2 = 10 pF 



20 



mA 



V D d = 5 V ± 10% Stop mode 



Note: 

(1) The circuits in figures 19 and 20 are recommended. 

(2) The external circuit in figure 21 is recommended. 

(3) The display controller and PPG are not operated. 



3-219 



M PD7519/19H 



NEC 



Figure 19. Crystal 



C1 = 10 pF 
C2 <; 22 pF 



till 



Figure 20. External Clock 
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Figure 21. External Circuit 
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AC Characteristics 

T A = -10°Cto +70°C 

Clock Operation, f/PD7519/75CG19 

M PD7519: V DD = 2.5 V to 6 V 
HPD75CG19: V DD = 5 V ± 10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock 

oscillation 

frequency 


fxx 


3.5 


4.19 


4.2 


MHz 


Crystal 

oscillation (1), 
(2) 


System clock 
input frequency 


fx 


0.1 




5 


MHz 


External clock 
(1) 


X1, X2 input 
pulse width high 
and low 


*XH 
tXL 


100 
100 






ns 
ns 


External clock 
(D 


EVENT input 
frequency 


fE 






410 


kHz 


V DD = 4.0 V to 
6.0 V 








80 


kHz 


J/PD7519 only 


EVENT input 
pulse width high, 


tEL 
tEH 


1.2 






MS 


V DD = 4.0 V to 
6.0 V 


low 


6.25 






MS 


HPD7519 only 



Note: 

(1) The circuits in figures 19 and 20 are recommended. 

(2) Refer to the Operating Supply Voltages tables. 

Clock Operation, I aPD7519H/75CG19H 

^PD7519H: V DD = 2.5 V to 6 V 
^PD75CG19H: V DD = 5 V ± 10% 

Limits 



Parameter 


Symbol Min 


Typ 


Max 


Unit Conditions 


System clock 
oscillation 


'XX 

3.5 


4.19 


4.2 


Crystal 
MHz oscillation (1), (2) 


frequency 


4.2 


6.55 


6.6 


MHz V DD = 

4.5 V to 6.0 V 


System clock 
input 


fx 

0.1 




4.2 


External 
MHz clock (1) 


frequency 


4.2 




fifi 


MHz Vnn = 



4.5 V to 6.0 V 



X1, X2 input 
pulse width 
high, low 



t XH 100 



External 
ns clock (1) 



tXL 



75 



ns V DD = 4.5 V to 6.0 V 



EVENT input 
frequency 



410 kHz V DD = 4.0 V to 6.0 V 
80 kHz /L/PD7519H only 



EVENT Input 
pulse width 
high, low 



t EL 6.25 



^s V DD = 4.0 V to 6.0 V 



MPD7519H only 



Note: 

(1) The circuits in figures 19 and 20 are recommended. 

(2) Refer to the Operating Supply Voltages table. 
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AC Characteristics (cont) 

T A = -10°C to +70°C 

Port 1 I/O Operation, /uPD7519/75CG19 

HPD7519: V DD = 2.5 V to 6 V 
HPD75CG19: V DD = 5 V ± 10% 
0.1 MHz < f x , f xx £ 4.2 MHz 



AC Characteristics (cont) 

T A = -10°Cto +70°C 

Port 1 I/O Operation, ^PD7519H/75CG19H 

HPD7519H: V DD = 4.5 V to 6 V 

>iPD75CG19H: V DD = 4.75 V to 5.5 V 

4.2 MHz <, f x , f xx ^ 6.6 MHz, Low Speed Mode(1) (EM 2 = 0) 





Symbol 

tpST 


Limits 


Unit 

ns 


Test 
Conditions 

Port output mode 


Parameter 


Symbol 


Limits 
Min Max 


Unit 


Test 


Parameter 


Min 

400 


Max 


Conditions 


Port 1 output setup 
time (to PSTBt) 


Port 1 output setup 
time (to PSTBt) 


tpST 


400 




ns 


Port output mode 


Port 1 output hold 
time (after PSTBt) 


l STP 


100 




ns 




Port 1 output hold 
time (after PSTBt) 


tSTP 


100 




ns 




PSTB pulse width low 


fSTU 


600 




ns 




PSTB pulse width low 


tSTL1 


600 




ns 




Output data set-up 
time (to PSTBt) 

Output data hold time 
(after PSTBt) 


*DST 
*STD 


400 
100 




ns 
ns 


I/O expander 
mode VpjD = 
4 V to 6 V 


Output data set-up 
time (to PSTBt) 

Output data hold time 
(after PSTBt) 


l DST 
l STD 


400 
100 




ns 

ns 


I/O expander 
mode Vrjn = 
4 V to 6 V 


Input data valid time 
(after PSTB4) 


tSTDV 




850 


ns 




Input data valid time 
(after PSTB+) 


tSTDV 




850 


ns 




Input data floating 
time (after PSTBt) 


tSTDF 







ns 




Input data floating 
time (after PSTBt) 


tSTDF 







ns 




Control set-up time 
(to PSTBI) 


tCST 


400 




ns 




Control set-up time 
(to PSTB*) 


tCST 


400 




ns 




Control hold time 
Output command 
Input command 


l STC 


100 



80 


ns 

ns 




Control hold time 
Output command 
Input command 

PSTB pulse width low 


tSTC 
tSTL2 


100 


1200 


80 


ns 
ns 

ns 




PSTB pulse width low 


tSTL2 


1200 




ns 





E 



Port 1 1/O Operation, ^PD7519H/75CG19H 

HPD7519H: V DD = 2.5 V to 6 V 
M PD75CG19H: V DD = 5 V ± 10% 
0.1 MHz < f x , f xx <, 4.2 MHz 



Note: 

(1) The /iPD82C43/8243H, etc, cannot interface with the jiPD7519H 
in high speed mode (EM 2 = 1). 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Port 1 output setup 
time (to PSTBt) 


tpST 


250 




ns 


Port output mode 


Port 1 output hold 
time (after PSTBt) 


tSTP 


100 




ns 




PSTB pulse width low 


tSTL1 


450 




ns 




Output data set-up 
time (to PSTBt) 


l DST 


200 




ns 


I/O expander 
mode VrjD = 


Output data hold time 
(after PSTBt) 


tSTD 


100 




ns 


4 V to 6 V 


Input data valid time 
(after PSTB4) 


tSTDV 




700 


ns 




Input data floating 
time (after PSTBt) 


l STDF 







ns 




Control set-up time 
(to PSTBi) 


l CST 


100 




ns 




Control hold time 
Output command 
Input command 


l STC 


100 



80 


ns 
ns 




PSTB pulse width low 


l STL2 


750 




ns 
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AC Characteristics (cont) 

T A = -10°CtO +70°C 



AC Characteristics (cont) 

T A = -10°C to +70°C 



Serial Interface Operation, fiPD7519/75CG1 9 

jiPD7519: V DD = 2.5 V to 6 V 
^iPD75CG19: V DD = 5 V ± 10% 



Limits 



Parameter 



Symbol Min Max Unit 



Test 
Conditions 



SCK cycle time 



l KCY 



3.0 



us 



Input V DD = 
4 V to 6 V 



12.5 



US nPD7519 only 



4.9 



»* 



Output Vdd = 
4 V to 6 V 



10 



pis nPD7519 only 



SCK pulse width 
high, low 



l KH 

tKL 



1.3 



MS 



Input V D d = 
4 V to 6 V 



65 



MS /iPD7519 only 



2.2 



Output Vdd = 
j*s 4 V to 6 V 







4.5 




MS 


/iPD7519 only 


SI set-up time 
(to SCKt) 


l SIK 


300 




ns 


V DD = 4 V 
to 6 V 




1000 




ns 


^PD7519 only 


SI hold time (after 
SCKt) 


tKSl 


450 




ns 


V DD = 4 V 
to 6 V 




1000 




ns 


^PD7519 only 


SO outjnrt delay time 
(after SCK*) 


l KS0 




850 


ns 


V DD = 4 V 
to 6 V 






2000 


ns 


HPD7519 only 



Serial Interface Operation, /uPD7S19H/75CG19H 

MPD7519: V DD = 2.5 V to 6 V 
^PD75CG19: V DD = 5 V ± 10% 



Parameter 



Limits 
Symbol Min Max Unit 



Test 
Conditions 



SCK cycle time 



%Y 



2.1 



MS 



Input V DD = 
4 V to 6 V 



12.5 



US nPD7519H on| y 



J1)_ 

(2) 



MS 



Output Vdd = 
4 V to 6 V 



ix nPD7519H only 



SCK pulse width 
high, low 


l KH 
tKL 


0.7 




MS 


Input V D d = 
4 V to 6 V 




6.5 




MS 


HPD7519H only 






(3) 




MS 


Output Vdd = 
4 V to 6 V 




(4) 




MS 


M PD7519H only 


SI set-up time 
(to SCKt) 


tSIK 


300 




ns 


v DD = 4 v 
to 6 V 




1000 




ns 


M PD7519H only 


SI hold time (after 
SCKt) 


*KSI 


450 




ns 


v DD = 4 v 
to 6 V 




1000 




ns 


,iPD7519H only 


SO outjM delay time 
(after SCK*) 


Ikso 




500 


ns 


V DD = 4 V 
to6V 






2000 


ns 


M PD7519H only 



Note: 

(1) High speed mode: 16/f x or 1 6/f xx 
Low speed mode: 64/f x or 64/f xx 

(2) 64/f x or 64/f xx 

(3) High speed mode: 8/f x - 0.8 j*s, or 8/f xx - 
Low speed mode: 32/f x - 0.8 ^s, or 32/f xx ■ 

(4) 32/f x - 2.0 fiS, or 32/f xx - 2.0 pis 



0.8 ^s 
- 0.8 pis 
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AC Characteristics (cont) 

T A = -10°Cto +70°C 

Other Operations 

MPD751 9/751 9H: V DD = 4.5 V to 6.0 V 
HPD75CG19/75CG19H: V DD = 4.75 V to 5.5 V 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


INTO pulse width 
high, low 


t|0H> l IOL 


10 




MS 




INT1 pulse width 
high, low 


t|1H. t|1L 


(D 




MS 




RESET pulse width 
high, low 


l RSH. l RSL 


10 




MS 





Note: 

(1) 26/f x or 26/f xx 

fjPD75CG19/75CG19H EPROM Characteristics 

T A = -10°Cto +70°C;V DD = 5V ± 10% 







Limits 




Test 


Parameter 


Symbol Min 


Typ 


Max 


Unit Conditions 


Access time 


Ucc 




700 


ns 


CE low set-up 
time to data valid 


tCE 




700 


ns 


Data val]d_ hold 
time to CE rising 
edge 


t|H 






ns 


Stop Mode Low Voltage Data 

Retention Characteristics, /uPD751 9/751 9H 

T A = -10°Cto +70°C 






Limits 




Test 


Parameter 


Symbol Min 


Typ 


Max 


Unit Conditions 


Data retention 
supply voltage 


V DDDR 2.0 




6.0 


V 


Data retention 
supply current 


'dddr 


0.1 


10 


MA V dddr = 2 V 


RESET set-up 
time 


l SRS 






MS 



Timing Waveforms 

AC Waveform Measurement Points (Except X1, X2) 



— ysj 



Vdd ■»~^ > Test ^-»- 0. 

Vdd "*"^ Points *^-*. o, 



17 V DD W 
'■3 Vpp A 



Data Retention Timing 



-II STOP Mode 

U-Data Retention Mode-*! 

v~\ / 

I \ VDDDR / 



Execution of 
STOP Instruction 



~\ 



tSRS 



/ 



Clock Timing 




I 



EVENT Timing 



-i/f E - 



x y h 



EPROM Timing 
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Timing Waveforms (cont) 

Strobe Output Timing 



i Output Data ^ 



-*STLI- 



/ 



Port 1 I/O Expander I/O Timing 



Expander 
Port- 
Output 

Expander 
Port 
Input 



j Port Control " jj ' 



-<; 



H-tSTD 

) < Input Data y~— 



Output Data 

tDST ►! |« »| tsTD 



*STC 
-—. tsTL2" 



\ / 



Serial Transfer Timing 



\ Y 



-i Input Data j- 



tKSOh 



X 



Output Data 



XZ 



Interrupt Input Timing 




RESET Input Timing 
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Operating Characteristics, //PD751 9/751 9H 

T A = 25°C 



iod vs (Vdd - Vod) (Vdd - 4 v to 6 V) 



lOH vs (VDD - voh) 











/ \ I 














/v DD - Vp RE = 7 V 






Vdd - 


VPRE 


= 9 V/ 














































^*^V DD - Vpre =' 5 V 














I I 
















































— 
















___^ 


> 










Vdd 

So-S7 




\ }\lr.„ " 










r DD 














— ►-Iod 












VPRE 


— o vdd- vpre 












i i 


3 


1 






2 
/dd - 


VOD (V) 


5 




4 


5 



Vdd = 6 v/ 


Add = 5 V 








/Vdd = 4 V 










Vdd = 3 V 








Vdd = 2.5 V 

















Vdd - Voh (V) 



E 



30 




lOD vs 


(Vdd 


- vod) (Vdd = 


4 to 6 V) 




| [ 




/ | | 










Vdd - 


Vpre = 9 V) 




'Vdd - Vp RE = 7 V 






























g 














^Vdd - Vpre = 5 V 




- 20 






















c 














































o 
















— I 1 | 


3 
Q. 
















o 10 

c 










Vdd 


— ° 1 










To-T? 
Tb'Ss-Tis'Sis 




' 


Vdd - Vod 


E 
















H 
























»PRE 


— o Vdd - Vpre 












I 











iol vs vol 



Vdd 
Vdd = 6 V. , 


= 5 V 
>/Vdd = 4 V 










Vdd = 3 V 








Vdd - 2.5 V 













Vod - Vod (V) 



Output Voltage Low, Vol (V) 
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Operating Characteristics, //PD751 9H only 

T A = 25°C 



IDD vs VDD (fxx = 4.19 MHz) 



IDD vs f xx 









High Speed M ~^, 


































■ — — 


Low Speed Mode „. 


















Low S 


jeed Halt 


Mode 














I I - 










X1 X2 


j 










^ — ; r 












f— ,n H_ - 

10 pF^ 4.19 MHz ^10 pF 


















I 


... 


A? 

i 



_a — High Speed Halt Mode, 
b — Low Speed Halt Mode 
c — Low Speed Mode 





X1 X2 


10 pF = 


— IDI— 

: 10 pF; 


^7 



Vdd = 3V 



Supply Voltage, Vdd (V) 



Clock Oscillation Frequency, fxx (MHz) 



IDD vs f x 



-r>J 



"Hi 8 h speed ~ Hi 9h Speed Mode (V D0 = 5 V); 
S Low Speed Mode (Vdd = 5 V), 

[-High Speed Halt Mode (Vdd = 5 V)- 

Low Speed Halt Mode (Vdd = 5 V) N 

Low Speed Mode (Vdd = 3 V); 

Low Speed Halt Mode (Vdd = 3 V) N 




Clock Input Frequency fx (MHz) 
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Operating Characteristics, /J»D751 9 only 

T A = 25°C 















IDD vs Vdd 




















=E 




= 
































(Ta = 


25°C, fxx = 4.13 MHZ)_ 


































































_ 1000 












High Speed Mode 














3 500 








High Spee 

! I 


!Hal 


Modejr; 




















-Low Speed M 


ode- 


















- 






















c 

8 100 














Lov 


v Speed Halt Mode 










O 50 


















X1 


X2 


~ 


















a. 
















" 10 
















10 pF~ 




HDf— 






















4.19 MHz = 
HOpF = 






































































/) 


I 






// 


7 







IDD vs fxx 



Supply Voltage, V DD (V) 



3 2.0 















i 
























I I 




- 


X1 X2| 






















i ' 
















































Uu\A 










High Speed Mode Vdd = 


= 5 V 


- i 10pF i 1 


)pF 














































































































































High Speed Halt Mode Vdd = 5 V 










































































































































_ Low Speed Mode Vdd = 3 V 
























r Low Speed Halt Mode Vdd = 3 V 







1 2 3 4 5 6 7 

Clock Oscillation Frequency, fxx (MHz) 



E 



idd vs Vdd 



IDD vs f x 





= 














|=rr) 








J — -J 





































































High Speed Mode 
Speed Halt Mode, 










„ 1000 












High 












o 500 












_ , "•"■'" ' , " "| 
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c 


















X1 X2 






« 50 


= 














- 
















I 11—11 1 -H 






Q. 
















HDH ^ 






5 10 
















10 


3Fd:6.55 MHz±:10 pF 
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1 X 
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1 











































T A 




25° 


=)- 


























































































































< 

-2> 2.0 

a 






































































5 V 






- 
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1 10 
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High Speed n 
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5 V — 


































































































..Low Speed Mode 






























"Low Speed Halt Mode 













Supply Voltage, V D d (V) 



12 3 4 5 6 7 

Clock Input Frequency, fx (MHz) 
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//PD7527A/28A 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

WITH FIP® DRIVER 



Description 

The ,iPD7527A, M PD7528A, and M PD75CG28 are 4-bit, 
single-chip CMOS microcomputers with the ^PD7500 
architecture and FIP direct-drive capability. 

Note: This data sheet pertains to ^PD7527A, jiPD7528A, 
and >iPD75CG28. For simplification, the revision 
letter (A) usually is omitted from the part numbers 
within the data sheet. 

The M PD7527 contains a 2048 x 8-bit ROM and a 
128 x 4-bit RAM. The M PD7528 contains a 4096 x 8-bit 
ROM and a 160 x 4-bit RAM. 

The ^PD7527/28 contains two 4-bit general purpose reg- 
isters located outside RAM. The subroutine stack is im- 
plemented in RAM for greater depth and flexibility. The 
/^PD7527/28 typically executes 67 instructions with a 
5\xs instruction cycle time. 

The /iPD7527/28 has one external and two internal 
edge-triggered hardware-vectored interrupts. It also 
contains an 8-bit timer/event counter and an 8-bit serial 
interface to help reduce software requirements. 

Thirty-one high-voltage lines are organized into the 3-bit 
output port 2, the 4-bit output ports 3, 8, and 9, and the 4- 
bit I/O ports 4, 5, 10, and 11. 

The low power consumption CMOS process allows the 
use of a power supply between 2.7 and 6.0 V. Current 
consumption is less than 3.0 mA maximum, and can be 
further reduced in the halt and stop power-down modes. 

The fiPD75CG28 is a piggyback EPROM version of the 
/iPD7527/28. Pin-compatible and function-compatible 
with the final, masked versions of the ptPD7527/28, the 
fiPD75CG28 is used for prototyping and for aiding in pro- 
gram development. 

Features 

□ 67 instructions 

□ Instruction cycle: 

— Internal clock: 5 jus/400 kHz, 5 V 

— External clock: 4^s/500 kHz, 5 V 

□ Upwardly compatible with the ptPD7500 series 
product family 

□ 4,096 x 8-bit ROM (nPD7528/75CG28) 
2,048 x 8-bit ROM (HPD7527) 

□ 160 x 4-bit RAM fciPD7528/75CG28) 
128 x 4-bit RAM (mPD7527) 

□ 35 I/O lines 

□ 31 high-voltage output lines that can directly drive a 
vacuum fluorescent display (FIP) 

□ Can select either a pull-down resistor or open-drain 
output per 31 high-voltage outputs (mask optional) 

FIP is the registered trademark for NEC's fluorescent indicator panel (vacuum 
fluorescent display). 



□ Vectored interrupts: one external, two internal 

□ 8-bit timer/event counter 

□ 8-bit serial interface 

□ Standby function (HALT, STOP) 

□ Data retention mode 

□ Zero-cross detector on P0n/INT0 input (mask 
optional) 

□ System clock (hPD7527/7528/75CG28): on-chip RC 
oscillator 

□ CMOS technology 

□ Low power consumption 

□ Single power supply 

— nPD7527/7528: 2.7 to 6.0 V 
— M PD75CG28:5.0V 



Ordering Information 




Part 

Number Package type 


Ma/Frequency 
of Operation 


HPD7527AC/28AC . 42-pin plastic DIP 


610 kHz 


MPD7527ACU / 28ACU 42-pin plastic shrink DIP 


610 kHz 


HPD75CG28E 42-pin ceramic piggyback DIP 


500 kHz 



E 



Pin Configurations 

\xPD7527I28, 42-Pin Plastic DIP or Shrink DIP 













RESET C 


1 v. 


-/ 42 


HVss 


cue 


2 


41 


3 poq/into 




CL2C 


3 


40 


3 poyscR 




VpreC 


4 


39 


3 po 2 /so 




V LOAD C 


5 


38 


3 PO3/S1 




P5 3 C 


6 


37 


HP3 




P5 2 C 


7 


36 


DP3i 




P5lC 


8 


35 


3P3 2 




P5 C 


9 


34 


3P3 3 




P2 3 C 


10 5 


53 


DP4 




P2 2 C 


11 ? 


32 


HP41 




P2VPTOUT £ 


12 8 


31 


3P4 2 




PIO3C 


13 30 


DP4 3 




PIO2C 


14 


29 


3P8 




P10iC 


15 


28 


DP8, 




P10oC 


16 


27 


DP82 




P113C 


17 


26 


3P83 




P112C 


18 


25 


HP90 




P1VC 


19 


24 


3P91 




P11oC 


20 


23 


DP9 2 




VddC 


21 


22 


DP9 3 


49-001 078A 
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Pin Configurations (cont) 

\xPD75CG2B, 42-Pin Ceramic Piggyback DIP 



HPD75CG28 EPROM 















RESET C 


1 


W 


42 


H v ss 


CL1 C 


2 


|iPD75CG28 


41 


] P0 /INT0 




CL2 C 


3 




40 


2 povsck 




VpreC 


4 


VqdO 1 280V D D 


39 


] P0 2 /SO 




Vload C 


5 


NCO 2 270MSEL 


38 


3 PO3/SI 




P5 3 C 
P5 2 C 


6 

7 


A76 3-26OV 0D 


■il 
36 


DP3 

DP31 




P5iC 


8 


A 6 O 4 250 A 8 
A5O 5 240A 9 


35 


:p3 2 




P5oC 


9 


1 1 

A4O 6 230An 


34 


DP33 




P23 C 


10 


1 1 


33 


]P4o 




P2 2 C 


11 


A3O 7 220 V S S 
1 1 


32 


1 P"1 




P2VPTOUT E 


12 


A 2 8 210 A 10 

A,0 9 206 El 
1 1 


31 


3P4 2 




P10 3 C 


13 


30 


DP4 3 




P102C 


14 


A 010 19017 


?fl 


3P80 




PKh C 


15 


l O11 18016 
Il6l2 170I5 


28 


DP81 




P100C 


16 


1 1 I s 
12013 160U 


27 


DP82 




P113C 
P112C 


17 
18 


V S s014 15<J>l3 

y 


26 
25 


DP83 

3P90 




P111C 


19 


24 


DP91 




PHo c 


20 


EPROM: 2732 


23 


3P9 2 




VddC 


21 




22 


3P93 


49-001 079A 













Pin Identification 



\aPD7527I28 and \xPD75CG2B 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2,3 


CL1, CL2 


Clock pins 


4 


V PRE 


High-voltage predriver supply 


5 


v L0AD 


High-voltage option resistor supply 


6-9 


P5 -P5 3 


High-voltage I/O port 5 


10,12 


P2 3 . P2 2 
P2 1 /PT0UT 


High-voltage output port 2, and output 
port from timer/event counter (PT0UT) 


13-16 


PIO0-PIO3 


High-current, high-voltage I /0 port 10 


17-20 


PH0-PH3 


High-voltage, high-current I /0 port 11 


21 


Vdd 


Positive power supply 


22-25 


P9 -P9 3 


High-voltage, high-current output port 9 


26-29 


P80-P83 


High-voltage, high-current output port 8 


30-33 


P4 -P4 3 


High-voltage I/O port 4 


34-37 


P3 -P3 3 


High-voltage output port 3 


38 
39 
40 
41 


PO3/SI 
P0 2 /S0 
P0-|/SCK 
P0 /INT0 


4-bit input of port 0; or serial data input 
(SI), serial data output (SO), serial clock 
I /0 (SCK), and external interrupt input 
(INTO) or zero-cross detect input (POn). 


42 


Vss 


Ground 



No. 


Symbol 


Function 


1 


Vdd 


Connection to pin 21 of ^PD75CG28 


2 


NC 


No connection 


3-10, 21, 
24,25 


A0-A10 


EPROM address output 


11-13, 15-19 


I0-I7 


Data read input from the EPROM 


14 


Vss 


Connection to EPROM GND pin 


20 


CE 


Chip enable output 


22 


Vss 


Supplies EPROM OE signal 


23 


A11 


Program counter MSB output 


26 


Vdd 


Supplies V cc to the EPROM 


27 


MSEL 


Mode select input 


28 


Vdd 


Supplies high-level signal to MSEL 



Note: 

(1) Output drivers on ports 2-5 and 8-11 are mask-optional. Accordingly, 
either an open-drain output or a pull-down resistor can be selected. 
v LOAD is suitable for an output driver with a pull-down resistor. 

(2) Ports 2-5 are suitable as FIP segment signal outputs, and ports 8-11 
are suitable for FIP digit signal outputs. 

(3) Ports 8-11 have high-current drive capability and can drive an LED 
directly. 

Pin Functions, ^PD7527/28 and 
M PD75CG28 

RESET 

System reset (input). 

CL1, CL2 

Connection to the RC oscillator. CL1 is the external 
clock input. 

VpRE 

Negative power supply for high-voltage output pre- 
drivers (for ports 2-5, 8-11). 

Vload 

Negative power supply for optional load resistors (pull- 
down resistors) of high-voltage output drivers (for ports 
2-5, 8-11). This pin is only on the mPD7527/28. 

P5 3 -P5 

4-bit, high-voltage I/O port 5. 

P2!-P23 

3-bit, high-voltage output port 2. 
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PTOUT 

Output port from the timer/event counter. 

PIO3-PIO0 

4-bit, high-voltage, high-current I/O port 10. Capable of 
bit set/reset by SPBL/RPBL instructions. 

P113-P110 

4-bit, high-voltage, high-current I/O port 11. Capable of 
bit set/reset by SPBL/RPBL instructions. 

Vdd 

Positive power supply. 

P9 3 -P9o 

4-bit, high-voltage, high-current output port 9. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P83-P80 

4-bit, high-voltage, high-current output port 8. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P4 3 -P4o 

4-bit, high-voltage I/O port 4. 

P3 3 -P3 

4-bit, high-voltage output port 3. 

PO0-PO3 

4-bit input port 0. POn is also used as the zero-cross de- 
tection input. 

SI 

Serial data input. 

SO 

Serial data output. 

SCK 

I/O serial clock. 

INTO 

External interrupt input. 

vss 

Ground. 



Pin Functions, /jPD75CG28 EPROM 

MSEL 

Changes the addressing area of the external EPROM 
and the on-chip RAM (with a pull-down resistor). Con- 
necting a jumper between socket pins 27 (MSEL) and 28 
(V DD ) selects /iPD7527 mode (2-Kbyte EPROM, 128x4- 
bit RAM). Leaving MSEL open selects p<PD7528 mode (4- 
Kbyte EPROM, 160 x 4-bit RAM). 

A0-A10 

Output the low-order 11 bits of the program counter 
(PC0-PC10). Used as EPROM address signals. 

A11 

When MSEL is high level, An outputs high-level signals. 
When MSEL is open, An outputs the MSB of the PC, 
which is used as the most significant address signal of 
the 4-Kbyte EPROM 2732. 

I0-I7 

Input data read from the EPROM. 

CE 

Outputs the chip enable signal to the EPROM. 

Vdd 

Pin 26 is electrically equivalent to the bottom Vdd pin 
and is used to supply Vcc to the EPROM. Pin 28 is elec- 
trically equivalent to the bottom Vdd P' n ar| d is used to 
supply the high level signal to MSEL. Pin 1 connects to 
pin21of^PD75CG28. 

Vss 

Pin 14 is electrically equivalent to the bottom Vss P'" in 
voltage, and is connected to the EPROM GND pin. Pin 
22 is electrically equivalent to the bottom Vss P |n an d ' s 
used to supply the OE signal to the EPROM. 

Instruction Set 

Refer to the User's Manual. The instruction set appears 
also as subset A4 in the data sheet for the mPD7500 se- 
ries of single-chip microcomputers. 



E 
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Block Diagram, /J>D7527/28 



P0 / 


INTO 
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V PRE V LQAD 



n 



7Y 



Program Counter (11/12) 



n 



Program Memory 
2048 x 8 Bits (|iPD7527/) 
4096 x 8 Bits (nPD7528/) 



J_L 



=> 



System 

Clock 

Generator 


Standby 
Control 
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Vdd v ss reset 
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21 



A (4) 



General Registers 



Stack Pointer (8) 



H 



Data Memory 
128x4Bits(tiPD7527) 
160x4Bits((iPD7528) 



o 



o 



Port 2 
Latch 
Buffer 



. yi Latch 
\tV Buffer 



Port 3 
Latch 
Buffer 



P2 1 -P2 3 
PTOUT/P2, 



P3 -P3 3 



(^> P4 -P4 3 



/li\ Port 5 A-K 

( ) Latch ( 4 > P5 -P5 3 

\n/ Buffer \rv 



I K Port 8 1\ 

> Latch 4 > P8 -P8 3 
|— v/ Buffer 1/ 



I 1\ Port 9 1\ 

} Latch 4 > P9 -P93 
1/ Buffer y 



/U\ Port 10 /LJ\ 
if > Latch C 4 / PIO0-PIO3 
NfK Buffer W 






>x> 



PH0-PH3 
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Block Diagram, /jPD75CG28 
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Address Decoder 
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160 x 4 Bits 
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A> 
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Port 3 
Latch 
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P2,-P2 3 
PTOUT/P2, 



P3 -P3 3 
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} Latch 4 > P80 
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( ) Latch ( 4 > PII0-PH3 
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E 



Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vdd 


- 0.3 to +7 V 


Power supply voltage, V l0 ad (^PD7527 / 28) 


V D n-40VtoV D D+0.3V 


Power supply voltage, v>re 


V D D-12VtoV DD +0.3V 


Input voltage, except ports 4, 5, 10, 11, V|n 


-0.3VtoV DD +0.3V 


Input voltage, ports 4, 5, 10, 11, V|n 


V D D-40VtoV DD +0.3V 


Output voltage, except ports 2-5, 8-11, Vq 


-0.3VtoV DD +0.3V 


Output voltage, ports 2-5, 8-11, V 


V D D-40VtoV DD +0.3V 


Output current high, per pin: P0-|, PO2; Ioh 


-15 mA 


Output current high, per pin: ports 2-5, 8-11; Iqh 


-30 mA 



Output current high, ports 3, 4, 8, 9 total, Ioh 


-55 mA 


Output current high, ports 2, 5, 10, 11 total, Ioh 


-55 mA 


Output current low, per pin, loi_ 


15 mA 


Output current low, all ports total, Iol 


15 mA 


Operating temperature, Topt 


-10°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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DC Characteristics 



\iPD7527I28 

T A = -10°Cto +70°C,V DD = +2.7Vto6.0V 





Limits , . 
Tut 


Parameter 


Symbol Min TVp Max Unit Conditions 


Input voltage, 


V| L1 0.3 V DD V PortO, RESET 


low 


V| L2 0.5 V CL1 




V|L3 v DD-35 0.3V DD V Ports 4, 5, 10,11 



Input voltage, Vim 0-7Vdd Vtjd_ 

hiQh V| H2 V DD -0.5 V DD 



V Port 0, RESET 



CL1 



V|H3 0.7V DD 



V D D 



Ports 4, 5, 10,11; 

4.5V«V DD < 

6.0V 





Vdd-0-5 


Vdd 


V 


Ports 4, 5, 10,11; 

2.7V«V DD « 

4.5V 


Output voltage, Vql 
low 




0.4 


V 


POl P0 2 ;4.5V< 

V DD <6.0V; 

l |_=1.6mA 






0.5 


V 


POi, po 2 ; 
l0L=400/iA 


Output voltage, Vqh 
high 


Vdd-2.0 




V 


Ports 2-5, 
l H=-4mA 
(Note 1) 







Vdd- 


-2.0 




V 


Ports 8-11, 

loH=-10mA 

(Notel) 




Vdd- 


-2.0 




V 


Ports 2-5, 
l H=-2mA 
(Note 2) 




Vdd- 


-2.0 




V 


Ports 8-11, 
l H = -5mA 
(Note 2) 




Vdd- 


-1.0 




V 


POi, P0 2 ; 
l H = -1mA 
(Note 3) 




Vdd- 


-0.5 




V 


POi. PO2; 
I O h=-100mA 


Input leakage 


'LIL1 






-3 


ma 


V| N = OV;POo-PQ 3 


current, low 


•UL2 






-40 


ma 


V| N = 0V;P0 
(Note 5) 




'LIL3 






-10 


y* 


V| N =0V;CL1 




'LIL4 






-10 


ma 


V| N =V DD -35V; 
ports 4, 5, 10, 11 


Input leakage 
current, high 


'urn 






3 


yA 


v in= v dd; 

P0 -P0 3 (Note4) 




'LIH2 






40 


& 


Vin=v D d;poo 

(Note 5) 




'LIH3 






10 


^ 


Vin=v D d;cli 



"LIH4 



80 



^A V| N =V DD ;ports4, 
5, 10, 11 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


TVP 


Max 


Conditions 


Output leakage 


■loli 




-3 


MA 


V o =0V;P0i, P0 2 


current, low 


>L0L2 




-10 


,* 


V = V DD -35V; 
ports 2-5, 8-11 


Output leakage 
current, high 


! L0H1 




3 


MA 


Vo=V DD ; except 
ports 4, 5, 10, 11 




>L0H2 




80 


ma 


Vo=V D D;ports4, 
5, 10, 11 



Supply current, IrjDi 
normal operation 



1.0 3.0 



mA V DD =5V±10%, 
R=39kS 



0.4 1.0 



mA V DD =3V, 
R=82kQ 



Supply current, Irjrj2 
HALT mode 
(Note 6) 



200 600 



HA Vdd=5V±10%, 
R=39kS(Note4) 



60 200 



MA V dd =3V, 

R = 82kQ(Note4) 



210 640 



fik V DD =5V±10%, 
R=39kQ(Note5) 



67 230 



MA V DD =3V, 

R = 82k£2(Note5) 



Supply current, Iqd3 
STOP mode 
(Note 6) 



0.1 10 nA V DD =3V(Note4) 



10 



40 



nA V DD =5V±10% 
(Note 5) 



30 



yA V DD =3V(Note5) 



On-chip pull- R|_ 
down resistance 



80 



140 220 kQ V dd -V LO ad = 35V 



Note: 

(1) V PRE = V DD - 9 V +1 V. The circuit in figure 5 is recommended. 

(2) V PRE = OV.V DD = 4.5V to 6.0V. 

(3) V DD = 4.5 V to 6.0 V. 

(4) Without zero-cross detector. 

(5) With zero-cross detector. 

(6) Ports 4, 5, 10, 11 are low level output or low level input. 
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DC Characteristics (cont) 

liPD75CG28 

T A = -10°CtO +70°C,V DD = +5V±10% 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Input voltage, 


V|L1 





0.3 V DD 


V 


Port 0, RESET 


low 


V|L2 





0.5 


V 


CL1 




V|L3 


Vdd-35 


0.3 V DD 


V 


Ports 4, 5, 10, 11 


Input voltage, 


V|H1 


0.7V D0 


Vdd 


V 


PortO, RESET 


high 


V|H2 


Vdd-0-5 


Vdd 


V 


CL1 




V|H3 


0.7V DD 


Vdd 


V 


Ports 4, 5,10, 11 


Output voltage, 
low 


Vol 




0.4 


V 


POi, P0 2 ; 
IOL=1.6mA 






0.5 


V 


po-|, po 2 ; 

Iol=400^iA 



Output voltage, Voh Vqd-2.0 
high 



V Ports 2-5, 
l H=-4mA(1) 



Vdd-2-0 


V 


Ports 8-11, 
l OH =-10mA(1) 


Vdd-2-0 


V 


Ports 2-5, 
l 0H =-2mA(2) 


Vdd-2-0 


V 


Ports 8-11, 
l 0H =-5mA(2) 







Vdd-1-0 




V 


pol po 2 ; 

l H = -1mA 


Input current, 
low (l -l 7 ) 


IlL 




-200 


ma 


V| N = 0V 


Input current, 
high (MSEL) 


l|H 




300 


^ 


V|N= V DD 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Input leakage 
current, low 


■lil-i 


-3 


^ 


V| N =0V; P0 -P0 3 




■lIL2 


-40 


nk 


V| N = 0V;P0 




I LIU 


-10 


yA 


V| N = 0V;CL1 




'LIL4 


-10 


HA 


V|N=V D D-35V; 
ports 4, 5, 10, 11 


Input leakage 
current, high 


■urn 


3 


^ 


V|n=Vdd.' 
PO0-PO3 




>LIH2 


40 


^ 


Vin=Vdd;po 




'LIH3 


10 


^A 


V, N = V DD ;CL1 




IUH4 


80 


KA 


V|N=V D D;ports4, 
5, 10, 11 


Output leakage 


>LOL1 


-3 


vA 


V o =0V;P0i, P0 2 


current, low 


ILOL2 


-10 


ink 


V =V DD -35V; 
ports 2-5, 8-11 


Output leakage 
current, high 


Ilohi 


3 


^ 


Vo=V D d; except 
ports 4, 5, 10, 11 




IL0H2 


80 


ma 


V =V DO ;ports4, 
5, 10, 11 


Supply current, 
normal operation 


■ddi 


1.0 3.0 


mA 


R=39kS 


Supply current, 
HALTmode(3) 


IDD2 


210 630 


^ 


R=39kS 


Supply current, 


'DD3 


10 50 


ma 





STOP mode(3) 



E 



Note: 

(1) V PRE = V DD - 9 V +1 V. The circuit in figure 6 is recommended. 

(2) V PRE = 0V 

(3) Ports 4, 5, 10, 11 are output off or low input. 



Figure 1. Recommended Circuit, \xPD7527 17528 



Figure 2. Recommended Circuit, \iPD75CG28 
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I 


5 


i RD9.1EL 




|iPD7527 V PRE 
/7528 












VPRE 




















5 


►68 k!! 
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Zero-Cross Detection Characteristics 

>iPD7527/28:T A = -10°Cto +70°C,V DD = 4.5V to 6.0V 
HPD75CG28: T A = -10°Cto +70°C,V DD = +5V±10% 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


Typ 


Max 


Conditions 


Zero-cross 
detection input 
voltage 


V Z x(P-P) 1 




3 


Vp-P 


AC coupled, 
C=0.1(iF 


Zero-cross 
accuracy 


V AZX 




±100 


mV 


50 Hz to 60 Hz sine 
wave 


Zero-cross 
detection input 
frequency 


fzx 45 




1000 


Hz 





Zero-Cross Detection Waveform 



AC Input 




TVazx V ZX( p. P) 

I »azx i 



Note: In the above waveforms, both 0-to-1 and 1-to-0 transitions of the zero-cross 

detection signal delay from the low-to-high and high-to-low transitions of the AC 
input signal, respectively. However, it is possible that the zero-cross detection 
leads low-to-high and/or high-to-low transition(s) of the AC input signal. 

49-001 055A 



Capacitance 

T A = 25 °C, Vqd = V, f = 1.0 MHz, Unmeasured pins returned to GND 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input 
capacitance 


C| 






15 


PF 


P0 , po 3 


Output 


Co 






15 


PF 


Port 2 


capacitance 






35 


PF 


Ports 3, 8, 9 


I/O 


C|0 






15 


PF 


POi, P0 2 


capacitance 






35 


PF 


Ports 4, 5, 10, 11 



AC Characteristics 

HPD7527/28 

T A = -10°Cto +70°C f V DD = +2.7Vto6.0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Cycle time 
(Note 1) 


tCY 


3.3 




200 


IAS 


V DD = 4.5Vto 
6.0V 




6.9 




200 


MS 




POn event input 
frequency 


fpo 







610 


kHz 


V DD = 4.5Vto 
6.0V 









290 


kHz 




POrj input rise 
time 


tpOR 






0.1 


fiS 




P0 input fall 
time 


tpOF 






0.1 


MS 




P0o input pulse 
width, low 


tpOL 


1.63 






MS 




POn input pulse 
width, high 


tpOH 


0.72 






MS 


V DD = 4.5Vto 
6.0V 



SCK cycle time t K cy 3.0 



3.3 



8.0 



SCK pulse t K H 

width, high 



1.4 



1.55 



us Input; Vrj D =4.5V 
to 6.0V 



ys Output; 

V D D=4.5Vto 
6.0V 



us Input 







6.9 


MS 


Output 


SCK pulse 


tKL 


3.9 


MS 


Input 


width, low 


3.35 


MS 


Output 



^s Input; Vno=4.5V 
to 6.0 V 



yis Output; 

V DD =4.5Vto 
6.0V 



SI set-up time 
(to rising-edge 
of SCK) 


t-SIK 


300 




ns 




SI hold time 
(after rising- 
edge of SCK) 


l KSI 


450 




ns 




SO output delay 
time (after 


t-KSO 




850 


ns 


V DD =4.5Vto 
6.0V 


falling-edge of 
SCK) 




1200 


ns 




INTO pulse 
width, high, low 


t|0H> 

t|0L 


10 




MS 




RESET pulse 
width, high, low 


l RSH. 
*RSL 


10 




MS 
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AC Characteristics (cont) 



luPD75CG28 

T A = -10°Cto +70°C 


V D D = 


+5V±10% 








Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


IVp Max 


Conditions 


Cycle time 
(Note 1) 


tfJY 


4.0 


200 


MS 




POo event input 
frequency 


fpo 





500 


kHz 




POq input rise 
time 


tPOR 




0.2 


ms 




P0 input fall 
time 


tpOF 




0.2 


MS 




P0 input pulse 
width, high, low 


tP0H. 
tpOL 


0.8 




MS 




SCK cycle time 


*KCY 


3.0 




MS 


Input 




4.0 




MS 


Output 


SCK pulse 
width, low 


*KL 


1.8 




MS 


Output 


SCK pulse 
width, high 


tKH 


1.3 




MS 


Input 


SI set-uptime 
(to rising-edge 
of SCK) 


tSIK 


300 




ns 


t 


SI hold time 
(after rising- 
edge of SCK) 


tKSI 


450 




ns 




SO output delay 
time (after 
falling-edge of 
SCK) 


tKSO 




850 


ns 




INTO pulse 
width, high, low 


t|0H. 
*I0L 


10 




MS 




RESET pulse 
width, high, low 


tRSH. 
*RSL 


10 




MS 




Data input delay tAcc 
time from 
address 




700 


ns 




Data input_delay 
time from CE 


tCE 




700 


ns 




Input hold time 
after address 


t|H 







ns 





Note: 

(1) t CY = 2/f C c°r2/f c 

AC Waveform Measurement Points (Except CL1) 




Oscillation Characteristics 

lxPD7527/28 

T A = - 10°C to + 70°C, V DD = 2.7 V to 6.0 V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock 

oscillation 

frequency 


fee 


300 


400 


500 


kHz 


R=39kQ±2%; 

V DD =4.5Vto 

6.0V 


(Note 1) 


110 


150 


190 


kHz 


R=110kS±2% 


System clock 
CL1 input 


k 


10 




500 


kHz 


V DD = 4.5Vto 
6.0 V 


frequency 
(Note 2) 


10 




210 


kHz 




CL1 input rise 
time (Note 2) 


tCR 






0.2 


MS 




CL1 input fall 
time (Note 2) 


tCF 






0.2 


MS 




CL1 input pulse 
width, low 
(Note 2) 


tCL 


2.0 




50 


MS 




CL1 input pulse 
width, high 
(Note 2) 


tCH 


0.8 




50 


MS 


V DD =4.5Vto 
6.0V 


fJ»D75CG28 

TA=-10 o CtO+70 o C, 


V D D = 


5V + 10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock 


'cc 


300 


400 


500 


kHz 


R=39kS±2% 


oscillation 
frequency 
(Note 1) 


110 


150 


190 


kHz 


R=110kQ±2% 


System clock 
CL1 input 
frequency 
(Note 2) 


fc 


10 




500 


kHz 




CL1 input rise 
time (Note 2) 


tCR 






0.2 


MS 




CL1 input fall 
time (Note 2) 


»CF 






0.2 


MS 




CL1 input pulse 
width, high, low 


tCL 


0.8 




50 


MS 





E 



Note: 

(1) R, C (see figure 3) 

(2) External clock (see figure 4) 
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Figure 3. Recommended RC Oscillator Circuit 



Figure 4. Recommended External Clock Circuit 




Stop Mode Low Voltage Data Retention 
Characteristics 

HPD7527/28 

T A =-10°Cto +70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Data retention 
supply voltage 


V DDDR 


2.0 




6.0 


V 





Data retention Iqddr 
supply current 



0.3 



MA V dddr =2V 
(Note 1) 







7 


30 


A 


V DDDR = 2V 

(Note 2) 


Data retention 
RESET input 
voltage high 


V IHDR 


0-9V D DDR 


V DDDR 
+0.2 


V 




RESET set-up 
time 


*SRS 







^s 




RESET hold time 


l HRS 







US 




\iPD7BCG2S 

T A =-10°Cto +70°C 




Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Data retention 
supply voltage 


V DDDR 


2.0 


5.5 


V 




Data retention 
supply current 


'dddr 


7 


30 


mA 


V DDDR=2V 


Data retention 
RESETinput 
voltage high 


V IHDR 


0-9V D DDR 


V DDDR 
+0.2 


V 




RESET set-up 
time 


tSRS 







^ 




RESET hold time 


tHRS 







MS 





Note: 

(1) Without zero-cross detector 

(2) With zero-cross detector 



Data Retention Mode Timing 



Vdd- 



Execution of 
STOP Instruction 




■ *SRS 



- Data Retention Mode - 




*HRS 



Operating 
Mode 



©VDDDR 0V| H 1 ®V|HDR ©V|L1 

Note: In data retention mode, all inputs should be made lower level than VqddR- 

49-001 077A 



MPD75CG28 EPROM Interface 

A 4-Kbyte EPROM (2732) plugs into socket pins on top of 
the f*PD75CG28. A high input to MSEL selects ^PD7527 
mode and fixes the A11 output high level in order to ac- 
cess the upper 2-Kbytes of the 4-Kbyte EPROM. When 
MSEL is open, /iPD7528 mode is selected. All EPROM 
addresses can be accessed because An functions as 
the MSB of the address. Figure 5 shows the address 
control unit. Figures 6 and 7 show the nPD75CG28 con- 
nected with the 2732. 

Figure 8 shows the EPROM read timing. Data is read 
into the instruction buffer at the end of the T4 state. The 
chip enable (CE) signal is made active during 2 states 
(T3, T4) in order to decrease the power consumption of 
the EPROM. 
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Figure 5. Address Control Unit 



MSB of. 
Address Buffer 



to Address Decoder _ 
of Data Memory " 



3> 



-<■ 



On-chip 
pull-down 
resistor 



VSS 



A11 
-O 



V D D(28) 



3 



SW on : tiPD7527 Mode 
SW off : nPD7528 Mode 



Figure 6. Connection with the 2732 foPD7527 Mode) Figure 7. Connection with the 2732 frPD7528 Mode) 





(J.PD75CG28 






2732 








V DD (26) 

V D d(28) 

MSEL 

*11 (high) 

A 0- A 10 

CE 
Vss(22) 

I0-I7 
Vssd") 




V C C 

A11 
A0-A10 

CE 
OE 

O0-C7 
GND 


















> 


V 






















49 


001070A 





(xPD75CG28 




2732 








V DD (26) 

V D d(28) 
MSEL 

Afl-An 

CE 
V S S(22) 

I0-I7 

V S s04) 




Vcc 

A0-A11 
CE 

ol 

O0-O7 
GND 




(open) 

(open) 


> 


V 






c 














49-001 071 A 



E 



Figure 8. EPROM Read Timing 
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T1 
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T2 


T3 
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T4 


CL1 
(External) 


\ 






/ 


\ 


/ \ 


A0-A11 






x: 
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49-001072A 











3-239 



M PD7527A/28A 



NEC 



Timing Waveforms 

EPROM (nPD75CG28 only) 



Serial Interface 




Clock 



CL1 Input 



POq Input 



-1/f c - 



-t C L- 



*CR- 



\ / X 



-'CH- 



-tCF 



-1/fpO" 



-tpQL- 



•POR- 



\ / \ 



-•POH- 



*-tp F 



\ / \ 



-*KCY- 



*SIK 



-*KH- 



*KSI 



2 Input Data i 



*KSO 



X 



XI 



Interrupt Input 




Reset Input 
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Operating Characteristics 



fp vs V DD 



Idd v s V DD (Typical) 









































































































































Guaranteed Area 





































































































































































































2.7 3 4 

Supply Voltage, (V) 

















>erating Mo 














R = 39ka 
R = 110 ka 


— Ta = 25"C 






















R = 39kQ 
R = 110kQ 
























1 CL1 CL2 








v\ 






















l^ 


-V\r\r-J 
:33pF 
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Supply Voltage, Vd d (V) 



»C VS V DD 









































































































































Guaranteed Area 





































































































































































































2.7 3 4 

Supply Voltage, Vdd (V) 



1000 










'ccv 


s V DD (7 


ypical) 






X 
































o . bu0 


Ta 












R = 39ka 


~ 














o 
















a> 
















c 














R = 110kS 


u. 

.2 100 
















= 






















CL1 CL2 




































o 


Z^ |- J vw-' 

=p3pF 
























a 












>, 


















" 















Supply Voltage, Vdd 00 



1000 










'c 


c vs 


R(Typic 


al) 






































Ta = 25°C 




























I 500 


























































u 






























=* 






























c 
















,Vdd = 5V 










3 

o- 
























§ 100 




























B 






L1 CL2 


— V[ 


)D = 3V' 




























































o 3U 






























-AAA/—" 












































E 






^33pF 
















































to 
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Vqhvs Iqh (Ports 2-5) (Typical) 











T A = 25°C 








- Vpre = 


Vdd~9V 








Vpre=Vdi 


)-5V 



50 100 500 1000 

Resistance, R (ka) 



Vdd-Voh(V) 
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Operating Characteristics (cont) 



VqhVS Iqh (Ports 8-11) (Typical) 







/ Vpf 


E=V DD -9V 


T A = 25°C 






^ — VpRE 


=V D D-5V 















Differences Among the ptPD7527f 28ICG28 



VDD-V0H(V) 





|iPD75CQ28 


»<PD7527 MPD7528 


Program memory 


4KbyteEPR0M 
(2732) 
connectable 
on top 


On-chip 2 Kbyte On-chip 4 Kbyte 
ROM ROM 


Data memory 
(RAM) 


160x4 


128x4 160x4 


High-voltage 
output lines 


All open-drain 
outputs 


On-chip load capacitor or open drain 
output (bit by bit, mask optional) 


Vload Pin 


No 




Zero-cross 
detection 


Yes 


Mask optional 


Package 


42-pin ceramic 
piggyback DIP 
bottom pin 
compatible with 
HPD7527/28 


42-pin plastic DIP 

42-pin plastic 

shrink DIP 


Power supply 


5V 


2.7Vto6.0V 
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PRELIMINARY INFORMATION 



//PD7533 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH A/D CONVERTER 



Description 

The //PD7533 is a 4-bit, single-chip CMOS micro- 
computer with a 4-channel, 8-bit A/D converter, 8-bit 
timer/event counter, and an 8-bit serial interface. The 
//PD7533 has 30 I/O lines, 8 of which can be used to 
directly drive LEDs. The//PD7533 executes 67 instruc- 
tions of the//PD7500 series "A" instruction set. 

The A/D converter has various temperature monitoring 
applications that can be used with household electrical 
appliances, such as air conditioners and electric 
ovens. Other applications include health monitoring 
equipment and cameras. 

The //PD75CG33 consists of a 28-pin socket "piggy- 
backed" on the lower 42-pin ceramic DIP. This socket 
is configured to hold either a 2732A or 2764 EPROM. 
For engineering purposes, programs can be tried and 
debugged before ROM code submission. 

Features 

□ 4-bit single chip microcomputer 

□ 67 instructions (subset of //PD7500 series set A) 

□ Instruction cycle 

— 5 /us at 5 V, 400-kHz clock at ceramic oscillation, 
DIVSEL = high 

— 10 jus at 5 V, 400-kHz clock at ceramic 
oscillation, DIVSEL = low 

□ Program memory (ROM): 4096 words x 8 bits 

— External in the//PD75CG33 

□ Data memory (RAM): 160 words x 4 bits 

□ 8 high current output lines for LED direct drive 

□ Input/output ports 

— Two 4-bit input ports 

— One 2-bit output port 

— One 4-bit output port 

— Three 4-bit input/output ports (two of which can 
function in 8-bit units) 

— One 4-bit input/output port usable at bit level 

□ Interrupts: two internal and one external 

□ 8-bit serial interface 

□ Standby operation 

— STOP mode 

— HALT mode 

□ On-chip system clock oscillator 

— Ceramic resonator 

— Full or 1/2 oscillation frequency 

□ CMOS technology 

□ Low power consumption 

□ Single power supply 



Ordering Information 




Part 
Number 


Package 
Type 


Maximum 
Frequency 
of Operation 


//PD7533C 


42-pin plastic DIP 


500 kHz 


/kPD7533CU 


42-pin plastic shrink DIP 


500 kHz 


A/PD7533G-22 


44-pin plastic miniflat 


500 kHz 


^PD75CG33E 


42-pin ceramic piggyback DIP 


500 kHz 



Pin Configurations 

42-Pin Plastic DIP or Plastic Shrink DIP 



P43C 


1 ^ 


■J 42 


Z3v S s 


P42 C 


2 


41 


hp5o 


P41 C 


3 


40 


3P5i 


P4o C 


4 


39 


DP5 2 


P22 C 


5 


38 


DP53 


P21/PTOUT C 


6 


37 


H CL2 


P73C 


7 


36 


3 CL1 


P72C 


8 


35 


D DIVSEL 


P71 C 


9 


34 


D RESET 


P7o C 


10 S 


> 33 


3 POo/INTO/EVENT 


P33C 


11 S 32 


3 PO1/SCK 


P3 2 C 


12 a 31 


3 PO2/SO 


P31 C 


13 


30 


3 PO3/SI 


P3 C 


14 


29 


3 Plo 


AVssC 


15 


28 


3 Pii 


AN3C 


16 


27 


3 PI2 


AN2C 


17 


26 


3 PI3 


AN1 C 


18 


25 


3 P6 


ANOC 


19 


24 


3 P61 


VAREF C 


20 


23 


3 P6 2 


VddC 


21 


22 


DP63 








83-002631 A 
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Pin Configurations (cont) 

42-Pin Ceramic Piggyback DIP 



Pin Identification 















P4 3 C 


1 


\J 


42 


3V SS 


P4 2 C 


2 


pPD75CG33 


41 


3P5o 


P4iC 


3 






40 


3P51 


P4 C 


4 






39 


3P5 2 


P2 2 C 


5 


VddC 


1 v 


•^m 


3VDD 


38 


HP53 


P2VPTOUT C 


6 


VssC 


2 


27 


D Vdd 


37 


3 CL2 


P7 3 C 


7 


A 7 C 


3 


26 


D Vdd 


36 


DCL1 


P7 2 C 


8 


A 6 C 


4 


25 


3 As 


35 


3 DIVSEL 


P71 C 


9 


AsC 


5 


24 


D A 9 


34 


3 RESET 


P7oC 


10 


A4C 


6 


23 


D An 


33 


3 POb/INTO/EVENT 


P33C 


11 


AaC 


7 


22 


DVss 


32 


3 POVSCK 


P32C 


12 


A 2 C 


8 


21 


3 A10 


31 


3 po 2 /so 


P3iC 


13 


AlC 


9 


20 


3CE 


30 


3 P03/SI 


P3oC 


14 


AoC 


10 


19 


3 17 


29 


3pio 


AVssC 


15 


loC 


11 


18 


DUi 


28 


DP11 


AN3C 


16 


HC 


12 


17 


H is 


27 


HP1 2 


AN2C 


17 


i 2 C 


13 


16 


3U 


26 


HP13 


AN1 C 
ANOC 


18 
19 


VssC 


14 


15 


3*3 


25 
24 


DP60 
HP61 










Varef C 


20 






23 


DP6 2 


vddC 


21 






22 


HP63 
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44-Pin Plastic Mini flat 





I 


L 1 


r * 
L C 


L C 


r ' 

L C 


t : 


n 

/> 1 
» c 


. i 


. 1 


! I 


n 7 

! i 


M 






A 


', 3 5 8 8 ; 


;\ 




P21/PTOUT I I I 


1 33 


3 31 

S 29 
/1PD7533 

7 27 

9 25 
11 23 


1 1 1 NC 






P/al I I 








P72 || I 


J l_l UIVSEL 






P7i M I 


J U HEStT 






P/nl I I 








P3 3 l I I 


1 1 1 PO^snK 






P3 2 I I I 


1 1 1 P0 2 /sn 






P3-| I I I 


1 1 1 POa/SI 






P3 I I I 


1 11 P1o 






AVSS I I I 


I MP1i 






AN3 I I I 


I II P1j 




\J 


2 Z t ? s I 


Y 








! : 
t < 


- < 

» : 
t « 


3 


i 

X 


J 


Q , 


. 


> 


L 




1 
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42-Pin DIP, Shrink DIP, and Piggyback DIP 


No. 


Symbol 


Function 


1-4 


P4 3 -P4o 


I/O port 4 


5,6 


P22.P2VPT0UT 


Port 2 output 


7-10 


P7 3 -P7 


I/O port7 


11-14 


P3 3 -P3o 


Port 3 output 


15 


A VSS 


A/D converter ground 


16-19 


AN3-AN0 


Analog input 


20 


V AREF 


A/D reference voltage input 


21 


Vdd 


Positive power supply 


22-25 


P63-P60 


I/O port 6 


26-29 


P13-P10 


Port 1 input 


30 


PO3/SI 


Port input/Serial input 


31 


PO2/SO 


Port input/Serial output 


32 


PO1/SCK 


Port input/(l/0) Serial clock 


33 


P0 /INTO/EVENT 


Port input/Interrupt O/Event 
input 


34 


RESET 


RESET input 


35 


DIVSEL 


System clock selection input 


36,37 


CL1.CL2 


External clock input/System 
clock terminal 


38-41 


P5 3 -P5o 


I/O port 5 


42 


Vss 


Ground 
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Pin Identification (cont) 



44-Pin Miniflat 



No. 


Symbol 




Function 


1,44 


P^ /PTOUT, P2 2 


Port 2 output 


2-5 


P7 3 -P7 




I/O port 7 


6-9 


P3 3 -P3 




Port 3 output 


10 


%S 




A/D converter ground 


11-14 


AN3-AN0 




Analog input 


15 


Varef 




A/D reference voltage input 


17 


Vdd 




Positive power supply 


18-21 


P63-P60 




I/O port 6 


21-25 


PI3-PI0 




Port 1 input 


26 


PO3/SI 




PortO input/Serial input 


27 


P0 2 /S0 




PortO input/Serial output 


28 


PO^SCK 




Port input/(l/0) Serial clock 


29 


POq/INTO/EVENT 


Port input/Interrupt 0/Event 
input 


30 


RESET 




RESET input 


31 


DIVSEL 




System clock selection input 


32,34 


CL1, CL2 




External clock input/System 
clock 


35-38 


P5 3 -P5 




I/O port 5 


39 


Vss 




Ground 


40-43 


P4 3 -P4 




I/O port 4 


28-Pin EPROM Socket on 


42-pin Piggyback DIP 


No. 




Symbol 


Function 


1,26-28 




Vdd 


Positive power supply 


2, 14, 22 




Vss 


Ground 


20 




CE 


Chip enable output 


3-10,21, 
23-25 




A0-A11 


Address bus 


11-13, 
15-19 




lo-i? 


Data bus 



Pin Functions 

PO0-PO3 [Port O] 

PO0-PO3 function as port O. POo also functions as a 
count pulse input pin for the timer/event counter 
(EVENT) or as interrupt O (INTO). PO-i al so functions as 
a serial clock input/output pin (SCK) for the serial 
interface. PO2 functions as a serial data output pin (SO) 
and pins P0 3 as a serial data input pin (SI). The POySCK 
and PO2/SO pins are three-state input/output. 

The shift mode register (SM0-SM3) determines the 
operation mode of the port input/output pins; how- 
ever, the data on PO0-PO3 can be loaded into the 
accumulator at any time by executing a port input 
instruction (IP/IPL). This is possible even when POy 
PO3 are functioning as the serial interface. 

After a RESET, P0 -P0 3 become input ports (high 
impedance). 

P1o-Pl3[Port1] 

PI0-PI3 function as port 1. Execution of an IP or IPL 
instruction reads data present on PI0-PI3 into the 
accumulator. Tie any unused lines of PI0-PI3 to Vdd or 
Vss- 

P2-|-P22[Port2] 

P2 r P2 2 function as port 2 with an output latch. When 
an output instruction (OP/OPL) to port 2 is executed, 
the middle 2 bits (A1 and A2) of the accumulator are 
latched by the output latch and, at the same time, 
output to P2 r P22- 

After being written once, the output latch contents 
remain until they are rewritten by an output instruction 
or a reset. The status of the corresponding output 
signal also remains. After a reset, the output latch 
contents become undefined, all output signals are 
disabled, and the output drivers are turned off. 

P2-| is also used as an output pin (PTOUT) for the 
timer-out F/F signal (PTOUT). Bit 3 (CM 3 ) of the clock 
mode register controls the PTOUT output. When CM 3 
is 1, TOUT is ORed with the P2t output latch contents 
and sent to the output driver. Therefore, to output the 
P2i output latch contents, reset CM 3 to to inhibit the 
TOUT signal. 

Note that soon after the RESET signal is asserted, CM3 
is reset and TOUT is inhibited. However, since the 
output latch contents are undefined after a reset, to 
output the TOUT signal, first write in the P2-| output 
latch and then set CM3 to 1 to output TOUT. 
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P3 -P33 [Port 3] 

P3o-P33 function as port 3 with an output latch. When 
an output instruction to port 3 is executed, the accu- 
mulator contents are latched and output. 

Once data is written in the output latch, the data is held 
until the next output instruction to port 3 is executed or 
RESET is asserted. After a reset, the output latch 
contents become undefined and the output driver is 
turned off. 

P4 -P43 [Port 4] 
P5 -P53 [Port 5] 

P4 -P43 function as port 4 and P5q-P53 function as port 
5. When an input instruction is executed, the data on 
these pins is read into the accumulator. When an 
output instruction is executed, the accumulator 
contents are latched and output. After the data is 
written into the latch, it is held until the next output 
instruction to ports 4 or 5 is executed, or RESET is 
asserted. 

Ports 4 and 5 can work as a pair enabling data (input 
with the IP54 instruction and output with the OP54 
instruction) in 8-bit units. The high four bits of data are 
from the accumulator and the low four bits are from 
memory (addressed by HL). 

Ports 4 and 5 automatically set in the input mode (high 
impedance output) after a reset or when the input 
instructions to these ports are executed. After a reset, 
the output latch contents become undefined. Both 
ports 4 and 5 can drive LEDs directly. 

Note that after the port changes from output mode to 
input mode, the data on the line is unstable when the 
input instruction that changes the mode is first exe- 
cuted. It is strongly recommended that you re-execute 
the input instruction considering the input/output 
mode switching time. This will insure reading stable 
data. 

The bit manipulation instruction affects the specified 
bit only. So when the output latch contents are un- 
defined, (immediately after a reset), initialize the output 
latch contents with an output instruction before the bit 
manipulation instruction is executed. 



P60-P63 [Port 6] 

P60-P63 function as the 4-bit input latched, three-state 
output port. The individual lines can be programmed 
as either inputs or outputs. 

In input mode, data present at this port is read into the 
accumulator by the execution of an IP or IPL instruc- 
tion. Accumulator data written to this port by the 
execution of an OP, OPL, ANP, or ORP instruction is 
statically latched, and remains unchanged until re- 
written. This data, however, is not output since the 
output buffer is disabled and placed in the high 
impedance state. 

In output mode, accumulator data written to the 
specified port line by the execution of the OP, OPL, 
ANP, or ORP instruction is statically latched and 
output to the P6 n pin. Data present at P6 n is read into 
the accumulator by the execution of the IP or IPL 
instruction, making it possible to read the contents of 
the P6 n output latch. 

All lines of port 6 are initialized to the high impedance 
state at Reset. Leave any unused lines open (if outputs) 
or tied to Vqd or Vss (if inputs). 

The port 6 mode select register (MSR) controls the 
function of the individual port 6 lines. The execution of 
the OP or OPL instruction loads the port 6 MSR with 
the accumulator contents. The 4-bit immediate data 
operand or the contents of the L register must be set to 
OEH. Figure 1 shows the format of the port 6 MSR. 

Figure 1. Port 6 MSR Format 



pm 3 



PM2 



P6 
P61 
P62 
p6 3 



PMn 


Port 6 Selection 





P6 n input [output buffer high-impedance] 


1 


P6 n output [output buffer on] 



3-246 



NEC 



//PD7533 



P7 -P7 3 [Port 7] 

Port 7 is a 4-bit input or latched three-state output port. 
The execution of an IP or IPL instruction execution 
reads data present at this port into the accumulator. 
Accumulator data written to this port by the execution 
of an OP, OPL, ANP, or ORP instruction is statically 
latched and remains unchanged until rewritten. 

Upon reset, all lines are initialized to the high- 
impedance state. Leave any unused lines open (if 
outputs) or tied to Vqd or Vss (if inputs). 

AN0-AN3 [A/D Input Terminal] 

AN0-AN3 are the 4-channel A/D converter input ter- 
minals. The A/D converter uses a successive approxi- 
mation method. 

VAREF [A/D Converter Positive Reference] 

The voltage on V A r E f determines the full scale analog 
voltage. 

A vss [A/D Converter Ground] 

Avss is * ne ground for the A/D circuit. 

CL1, CL2 [Clock] 

CL1 and CL2 connect external oscillator elements to 
the system clock. Connect a ceramic resonator to 
these pins. If an external clock is used, place a buffer 
between the clock source and the CL1 and CL2 pins. 

When connecting the oscillation parts to the CL1 and 
CL2 pins, use the shortest wiring possible. Ground the 
capacitor as close to the Vss pin as possible. 

DIVSEL [System Clock Divider Selection Input] 

DIVSEL selects whether the system clock runs at 
ceramic oscillation frequency, or at one-half the ceramic 
oscillation frequency. If a logic (Vss) is connected to 
DIVSEL, the system clock is one-fourth the ceramic 
oscillation. If DIVSEL is high, then the system clock will 
be one-half of the ceramic oscillation. 

RESET [Reset] 

A high on RESET activates this input. 

Vqd [Power Supply] 

Vdd is the positive power supply pin. 

Vss [Ground] 

Vss is tne ground pin. 



Pin Functions, /yPD75CG33 EPROM 

Ao-A-n [EPROM Address] 

Ao-A-11 output the contents of the EPROM program 
address counter. A reset leaves Ao-A-n undefined. 

I0-I7 [Data Bus] 

I0-I7 input the contents of the EPROM data bus. 

CE [Chip Enable] 

CE outputs the EPROM chip enable signal. (Active 
low.) 

Vdd [Power Supply], Vss [Ground] 

Vdd is the positive power supply pin with the same 
voltage as the lower portion pin 21. Vss is the ground 
pin with the same voltage as the lower portion pin 42. 
The following voltages are supplied to the 2764 or 
2732A pins from V D d or V S s- 




Pin Number 


Symbol 




2764 2732A 


Voltage 


1 20 


Vpp 


V DD pin 21 = +5 V 


28 24 


Vcc 


V DD pin 21 = +5 V 


22 20 


OE 


V S s Pi" 42 = V 


2 - 


A12 


v DD pin 21 = +5 V 


14 12 


Vss 


V S s P'm 42 = V 
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Program Counter[12] 






Program Memory 
4096 x 8 Bits 



} 



Instruction 
Decorder 



11 



System 

Clock 

Generator 



Standby 
Control 



6 6 

CL1 CL2 



V S s BESET 



General Registers 



H[4] 



Stack Pointer[8] 



s 



Data Memory 
160 x 4 Bits 



A/D 
Converter 



Wl 



Port /*" 
Buffer \, 



o 



o 



o 



c 



Portl 
Buffer 



c 



:> 



Port 2 
Latch 
Buffer 



:> 



P2VPTOUT , 
P22 



A K Port 4 A K 

C ) Latch ( 4 > P4 -P4 3 
N V Buffer N / 



} 



Port 3 
Latch 
Buffer 



> 



o 



Port5 yt K. 

Latch C 4 / P50-P53 
Buffer N V 



o 



Port 6 A K 

Latch C 4 y P60-P63 
Buffer N V 



A _K Port 7 A (v 

<^ } Latch C 4 > P7rj-P7 3 
N V Buffer N V 



AN0-AN3 Varef Av ss 



Absolute Maximum Ratings 

T A = 25°C 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input voltage, V| 


-0.3VtoV DD + 0.3V 


Output voltage, Vq 


-0.3 V to V DD + 0.3 V 


High level output current, Ioh 


-10 mA (1 pin) 
-20 mA (all output ports) 


Low level output current, Iql 


10 mA (1 pin) 

45 mA ports 2,3,4,7 (total pins) 

45 mA ports 0,5,6 


Operating temperature, T pt 


-10 to +70°C 


Storage temperature, TgjG 


-65to+150°C 


A/D V ss , A V ss 


-0.3 to +0.3 V 


A/0 reference, Varef 


-0.3 V to V DD 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T A = 25°C,V DD = 0V 












Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input 
capacitance 


C|N 




15 


pF 


f =1 MHz 
Unmeasured 


Output 
capacitance 


c 0UT 




15 


pF 


pins are V 


I/O 
capacitance 


C I0 




15 


PF 
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DC Characteristics 

T A = -10 to +70 °C, V DD = 3.0 to 6.0 V, DIVSEL = 



Limits 



Parameter 



Symbol Min Max Unit 



Test 
Conditions 



High level 
input voltage 
(other than 
CL1, CL2) 



V|H1 0.7 V DD V DD V 



Conditions 
specified by 
oscillation 
characteristics 



High level 
input voltage 
(CL1, CL2) 



V| H2 V DD -0.5 V DD 



Low level 
input voltage 
(other than 
CL1.CL2) 



Viu 



0.3 V DD V 



Low level 
input voltage 
(CL1.CL2) 



V| L 2 



0.5 



High level 
output voltage 



Low level 
output voltage 



V H 


Vdd-lo 




V 


V DD = 4.5-6.0 V 
Ioh = -1 mA 




V DD - 0.5 




V 


l H = -100|iA 


Vol 


0.5 (typ) 


2.0 


V 


V DD = 4.5-6.0 V 
l L = 10mA 




0.4 


V 


Iql = 1-6 mA 







0.5 


V 


Iol = 400//A 


High level 
input leakage 
current (other 
than CL1, CL2) 


'LIH1 


3 


M 


V IN = V DD 


High level 
input leakage 
current (CL1, 
CL2) 


'LIH2 


20 


^ 


V||\l = Vdd 


Low level 
input leakage 
current (other 
thanCL1,CL2) 


>LIL1 


-3 


M 


V|N = 0V 


Low level 
input leakage 
current (CL1, 
CL2) 


'LIL2 


-20 


i»A 




High level 
output leakage 
current 


'loh 


3 


M 


v out = Vdd 


Low level 
output leakage 
current 


■lol 


-3 


//A 


V UT = OV 



Supply current loot 1.0 (typ) 3.0 mA 



Operating 
mode: Vdd = 
4.5-6.0 V; 
f C c = 400 Hz 



l D D2 450 (typ) 1200 M 



HALT mode: 
V D d = 4.5-6.0 V; 

fee = 400 hz 



'DD3 0.1 (typ) 10 //A STOP mode 



AC Characteristics 

T A = -10 to +70 °C, V DD = 3.0 to 6.0 V 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Cycle time 


tCY 


4.0 


200 


us 


V DD = 4.5-6.0 V 




9.5 


200 


us- 




EVENT input 


fE 





500 


kHz 


V D d = 4.5-6.0 V 


frequency 





210 


kHz 




EVENT input 
high duration 


tEH 


0.8 




us 


V DD = 4.5-6.0V 


EVENT input 
low duration 


tEL 


2.3 




us 





SCK cycle 
time 



l KCY 



SCK high, 
low level 
duration 



tKH> 

t«L 



3.0 


MS 


Input 

V DD = 4.5-6.0 V 


4.0 


US 


Output 


8.0 


US 


Input 


9.5 


us 


Output 


1.3 


{JS 


Input 

V D d = 4.5-6.0 V 


1.8 


us 


Output 


4.0 


us 


Input 








4.7 




us 


Output 


SI setup 

time (SCK high) 


tSIK 


300 




ns 




SI hold 

time (SCK high) 


f KSI 


450 




ns 




SCK low 


tKSO 




850 


ns 


V DD = 4.5-6.0 V 


to SO 

output delay 
time 




1200 






INTO high, 
low level 
duration 


t|0H. 
t|0L 


10 




us 




RESET high, 
low level 
duration 


tRSH. 
*RSL 


10 




us 
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Data Memory, STOP Mode Data Retention 
Characteristics 



T A = -10to+7C 


°C 














Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Data 
retention 
supply voltage 


Vdddr 


2.0 




6.0 


V 




Data retention 
supply current 


•dddr 




0.1 


10 


pA 


Vdddr = 2.0 v 


RESET setup 
time 


*SRS 









fJS 





Oscillation 
stabilizing 
time 



tos 



20 



25 



ms Ceramic 
resonator: 
when Vqo 
greater than 
4.5 V 



ms Crystal: 
when Vqd 
greater than 
4.5 V 



A/D Converter Characteristics 

T A = -10 to +70 °C, V DD = +5.0 V ±5%, 
Vss = A VSS = O V, V AREF = V DD - 0.5 V to V DD 



Parameter 



Limits 



Symbol Min Typ Max Unit 



Resolution 




8 




Bits 


Absolute 
accuracy 








0.6 

±1/2 LSB 


Conversion 
time 


tCONV 




9 


tfJYC* 


Sampling 
time 


tSAMP 




1 


tCYC* 


Analog input 
voltage 


V IAM 







Varef v 


Analog input 
impedance 


R AN 




1000 


win 



Varef current 'aref 0.4 1 



mA 



* tCYC : 



f cc 



(DiVSEL = 1) 



Test 
Conditions 



Data Retention Timing 



STOP 

Instruction 
RESET Execution 



Data 
Retention Mode 



HALT 
Mode 



Operating 
Mode 



\ Vdddr / 



7"S. 



External clock See figure 3 



CL1 input frequency 



Oscillator Characteristics 

T A = -10 to +70°C, V DD = 3.0 to 6.0 V, DIVSEL = 1 














Limits 


Unit 


Test 


Oscillation Configuration Parameter 


Min 


Typ Max 


Conditions 


Ceramic See figure 3 Oscillation frequency (fee) 


390 


400 410 


kHz 


V DD = 4.5 to 6.0 V 


Stabilization time 


20 




ms 


Vdq greater than 4.5 V 



CL1 input high, low level duration (tcH.tcO 10 

2.0 



10 


410 


kHz 


V DD =■- 4.5 to 6.0 V 


10 


210 


kHz 




1.0 


50 


fJS 


V DD - 4.5 to 6.0 V 



50 /us 
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Timing Waveforms 

AC Timing Measuring Points (Except CL1) 



X0.7V DD 
03 Vpp 



Measuring Points 



^ 0.7VppV/~ 
"^ 0.3 Vpp -A 



Clock Timing 




EVENT Timing 



LJ X 



Serial Transfer Timing 



x y \ 



♦•ksi* 



-< Input Data }• 



X 



Output Data 



y~ 



Interrupt Input Timing 



"« tlOH •■ 



\—J~-\ 




RESET Input Timing 










•« IRSL •• 


■* 


— IRSH r- 




RESET \ 


t 


J 


\ 
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Functional Description 

System Clock Generator 

The ceramic oscillator circuit generates the system 
clockfor the ajPD7533. Figure 2 shows that the oscillator 
circuit for the //PD7533 includes a ceramic oscillator, 
two divide-by-two circuits, the DIVSEL input, and 
control circuitry for the standby modes, HALT and 
STOP. 

Figure 3 shows that the ceramic oscillator requires that 
a ceramic resonator be connected to the CL1 and CL2 
pins. An external clock can also be input at CL1 . In this 
case, the oscillator operates as an inverted buffer. 

Figure 2 shows that the output .frequency from the 
ceramic oscillator connects either directly to the clock 
selector or via a divide-by-two circuit. The selector is 
controlled by the DIVSEL line. If DIVSEL is low, the 
divide-by-two frequency is selected. This option is 
used during a low power operating mode. If DIVSEL is 
high, then the direct frequency is chosen. The output 
of the selector is used as system clock (CL), and is also 
divided by two to supply the CPU clock (0). 

Table 1 shows how DIVSEL selects the system and 
CPU clocks, and machine cycle timing. 



Table 1. 


Clock Selection 






DIVSEL 


System Clock 
ICL) 


CPU Clock 
I*) 


Machine Cycle 


Low 


200 kHz 


100 kHz 


10//S 


High 


400 kHz 


200 kHz 


5/iS 



Standby Control 

The HALT F/F and the STOP F/F comprise the control 
circuitry for standby mode (figure 2). The STOP F/F is 
set by the STOP instruction. When the STOP F/F is set, 
the ceramic oscillator stops. The rising edge of the 
RESET input resets the STOP F/F. 

The HALT instruction sets the HALT F/F and inhibits 
the input of the half-frequency divider which generates 
the CPU clock. As a result, only the CPU clock is 
stopped in HALT mode. The RELEASE signal resets 
the HALT F/F. RELEASE becomes active when any 
interrupt request flag is set, or at the falling edge of the 
RESET input. 

While RESET is active, the HALT F/F is set, and the 
chip goes into the HALT mode. At a power-on Reset, 
the ceramic oscillation is driven when the RESET input 
signal becomes high. 

Figure 3. Clock Driver Configuration 



30 pF 



Ceramic . 
Resonator . 

30 pF 

II 



External 
Clock 



->- 



CMOS 
Inverter 



L 



Figure 2. System Clock Generator 
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It takes a short period of time for the oscillator output to 
become stable. To prevent errors due to an unstable 
clock, the HALT F/F is set to inhibit the CPU clock 
while the RESET input is high. Therefore, the high- 
level pulse width for the RESET input should be wide 
enough to cover the required time for the ceramic 
resonator oscillation to stabilize. 

Clock Control 

Figure 4 shows that the clock controller contains a 
4-bit clock mode register (CM0-CM3), prescalers 1-3, 
and multiplexers. The clock controller selects the 
clock sources and prescalers, and supplies the count 
pulses (CP) to the timer/event counter. The clock 
sources are the system clock generator output (CL) or 
the EVENT pulse. 

The OP 1 2 or OPL (L = 1 2) instruction sets codes in the 
clock mode register. CM3 designates the output of the 
timer-out signals. If CM3 = 1, the output of the timer- 
out F/F (TOUT) is available at the PTOUT (P21) pin. 

Figure 5 shows the format of the clock mode register. 



Figure 5. Format of Clock Mode Register 
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EVENT x z|r 
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EVENT xj 
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Figure 4. Clock Controller Block Diagram 
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Timer/Event Counter 

Figure 6 shows the timer/event counter has an 8-bit 
count register, 8-bit modulo register, an 8-bit com- 
parator, and a timer-out flip flop. 

Timer Operation 

After the TAMMOD instruction sets a count value in the 
modulo register and the TIMER instruction clears the 
contents of the count register, the timer starts counting 
count pulses (CP). If an external clock is used, the 
count pulses are synchronized with the rising edge of 
CL1 or the P0 input. 

When the value of the modulo register equals the value 
of the count register, the comparator generates a 
coincidence signal (INTT) to set an interrupt request 
flag. Then it clears the count register to repeat the 
counting. In this manner, the timer functions as an 
interval timer whose interval is set by the modulo 
register. 

Regardless of any instructions, the count pulses are 
always input into the count register, updating the 
count value. If the contents of the count register are 
equal to those of the modulo register, the INTT request 
flag is then set. For this reason, inhibit INTT interrupts 
when not using the timer. 



Event Counter Operation 

To use the timer/event counter as an event counter, 
input the external event pulse into the POo pin, and 
select POo' as the count pulse (CP) for the clock 
controller. The count register counts the external event 
pulses input at the POo pin, either as they are, or 
frequency divided. 

As a result, the timer/event counter operates as an 
event counter that generates interrupts after observing 
the number of counts (events) specified by the modulo 
register. The TCNTAM instruction can read the current 
count at any time. 

Set the modulo register with the number of count 
pulses minus one. If set to 0, no counting will occur 
because the counter register is held at (both the 
detection of coincidence and zero-clearing are simul- 
taneously made). 



Figure 6. Block Diagram of Timer/Event Counter 
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Serial Interface 

As figure 7 shows, the serial interface includes an 8-bit 
shift register, a 4-bit shift mode register, and a 3-bit 
counter. 

The serial clock control s seri al data I/O. At the falling 
edge of the serial clock (SCK), the SO line outputs the 
most significant bit (7) of the shift register. The 
contents of the shift register are shifted by one bit at the 
rising edge of the next serial clock (n *- n+1). At the 
same time, the data on the SI line is loaded into the 
least significant bit (0) of the shift register. 

The 3-bit counter (octal counter) counts up the serial 
clocks and generates an internal interrupt signal INTS 
at every count of 8 clocks (at the end of a 1 -byte serial 
data transfer). It then sets the interrupt request flag 
(INTO/S RQF). The TAMSIO instruction sets data in 
the shift register during the transmission of serial data, 
then starts transmission. At the end of the transmission 
of each byte (8 bits) an internal interrupt (INTS) is 
generated. 

The SIO instruction also starts the reception of serial 
data. The received data is taken from the shift register 
by executing the TSIOAM instruction after an interrupt 
(INTS) is generated by the reception of one byte of 
data. 



The end of a 1-byte transfer can be confirmed by 
testing the INTS RQF with the SKI instruction instead 
of interrupt processing. 

The following three types of serial clock sour ces are 
available: system clock <p, external clock (SCK input), 
and timer-out F/F output signal (TOUT). Bits SM 2 -SMo 
of the shift mode register select the clock source. 

If the system clock <p is chosen, execute the SIO 
instruction to supply the clock to the serial interface, 
controlling the i nput /output of serial data while <f> is 
output from the SCK pin. 

After eight <p pulses, the clock is automatically discon- 
tinued by holding the SCK output at a high level. 
Therefore, the input/output of serial data automatically 
stops after each byte has been transferred. Con- 
sequently, the software does not need to control the 
serial clock and the transfer rate is determined by the 
system clock frequency. 

In this mode, after six machine cycles from the execu- 
tion of the SIO, the TSIOAM instruction can read out 
the received data from the shift register or can write in 
the next transmit data. 

Figure 8 shows the shift mode register format. 




Figure 7. Serial Interface Block Diagram 



/\ 



t^ 



i o A 



/\ 



r> 



POo/INTO/EVENT O- 



"Instruction Execution 



v 

t r~ 



LSB I I 8-bit Shift Register I I MSB 

i ' i ' i ' i, ' i ' i ' i±r 



:=>^=0 



v 

- 1 1 1 — 

Shift Mode Register 



3-bit CNT 

I l_ 




<£ 



RS F/F 
Q S 



3-255 



//PD7533 



NEC 



Figure 8. Format of Shift Mode Register 


SM2 SM| SMq 


P03/SI 


P0 2 /S0 


POi/SCK 


Serial Operation 



1 
1 1 


Port input 


Port input 


Port input 

Outputs <p continuously 

Outputs TOUT continuously 


Stops 


1 
1 1 


SI input 


SO output 


SCK input 

SCK output (0x8) 

SCK output (TOUT) 


Operates with external clock 
Operates with <p 


1 1 1 


Operates with TOUT 



Bit SM 3 selects the interrupt source in the following 
manner: 

SM3 Interrupt Source 



I NTS 
INTO 



If the external clock ( SCK i nput) is selected, the serial 
clocks are input from SCK. When the eighth external 
serial clock is input, an internal interrupt (INTS) is 
generated, signalling the end of a 1-byte data transfer. 

Since the serial clocks are not internally inhibited, the 
external clock must hold the signal high after eight 
clocks. The external serial clock determines the transfer 
rate. The serial interface can be operated from DC to 
the maximum rate in the electrical specifications. 

If TOUT is selected, the half-frequency divided co- 
incidence signal of the timer/event counter is the serial 
clock. This serial clock controls th e inp ut/output of the 
serial data and is output from the SCK pin. 



The count pulse supplied to the timer/event counter 
and the value set in the modulo register determine the 
transfer rate. The end of a 1-byte data transfer is 
signalled by INTS. TOUT is not inhibited automatically, 
therefore the program should stop TOUT at intervals of 
16. 

To use the external clock or the TOUT signal, execute 
the SIO, TA MSIO or TSIOAM instructions while the 
serial clock (SCK) is held high. Operation cannot be 
guaranteed if these intr uctio ns are executed over the 
rising or falling edge of SCK, or at the low level. 

In a system that does not require serial data transfer, 
the 8-bit shift register can be ued as a register with the 
serial operation stopped. The TSIOAM or TAMSIO 
instruction can read or write data. 
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Analog to Digital Converter 

The//PD7533 integrates a 4-channel 8-bit A/D converter 
with separate positive reference and ground from the 
device power supply. Figure 9 shows that the A/D 
converter includes an A/D converter mode register, 
successive approximation (SA) register, and end of 
conversion (EOC) control circuitry. 

A/D Converter Mode Register 

The A/D converter mode register is a 4-bit internal port 
that controls the A/D circuitry. The lower two bits, 
ANIO and ANI1 , select which analog signal (AN0-AN3) 
is input to the A/D converter. The most significant bit, 
ADS, initiates the A/D conversion. If ADS is set to a 
logic 1 , the analog signal selected by ANI1 and ANIO is 
converted to 8-bit digital data. Upon completion of the 
data conversion, ADS is cleared to 0. 

Figure 10 shows the format for the A/D conversion 
mode register. 

Figure 9. A/D Converter Block Diagram 



Figure 10. A/D Conversion Mode Register Format 
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ADM Register 



ANnO- 



ANiO 



AN3O- 



11 NT 
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Varef O- 
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Successive Approximation [SA] 

The 8-bit data converted from the analog signal using 
the successive approximation method is stored in the 
SA register. When ADS is set to a logic 1 , the contents 
of the SA register are undetermined. The SA register is 
set to 7FH after a reset. 

End of Conversion [EOC] Flag 

The EOC flag specifies the completion of an A/D 
conversion. When ADS is set to 1 , the EOC flag is set to 
a logic and an A/D conversion starts. When the 8-bit 
A/D conversion is complete, the EOC flag is set to a 
logic 1 . The EOC flag resides in bit 2 of internal Port A. 
The IP OAH or IPL instruction can read the contents of 
Port A when the L register is set to OAH . The contents of 
Port A (other than bit 2) will be read as a logic 0. The 
EOC flag is set to 1 after a reset. 

A/D Converter Operation 

An OP OAH or OPL instruction selects one of four 
analog signals and starts a conversion when the L 
register is set to OAH. The lower two bits of the 
accumulator specify which analog signal will be con- 
verted. Bit 3 of the accumulator sets to 1 to initiate the 
A/D conversion. The A/D conversion requires 9 
machine cycles for completion. When the conversion 
is complete, the EOC flag is set. 

In order to assure an accurate data conversion, do not 
execute an output instruction when EOC is a logic 0. 

Figure 1 1 shows how the analog input voltage corres- 
ponds to the converted digital data. 



Figure 11. A/D Conversion Graph 




Reading Converted Data 

Internal port 9 specifies the upper four bits of the SA 
register. Therefore, execute an IP 9 or IPL (L = 9) 
instruction to read the data in the accumulator. 

Internal port 8 specifies the lower four bits of the SA 
register. Therefore, execute an IP 8 or IPL (L — 8) 
instruction to read the data in the accumulator. Do not 
read the SA register until EOC is set to 1 . 

Figure 12 shows the configuration for the A/D converter 
reference voltage during standby mode. 

Interrupt Function 

The/iPD7533 provides one external interrupt and two 
types of internal interrupts. The POo pin is used as the 
input pin for external interrupt INTO. INTO shares 
priority and vectored addresses with internal interrupt 
INTS. Figure 13 shows the interrupt controller block 
diagram. 

Figure 12. Configuration of Varef for 
Standby Mode Operation 
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Standby Function 

The//PD7533 has two types of standby modes (STOP 
and HALT) to minimize power consumption during a 
program standby state. STOP mode is set by the STOP 
instruction and HALT mode by the HALT instruction. 

When standby mode is set, program execution is 
stopped, and the contents of all internal registers and 
data memory are held. However, it is possible to 
operate the shift register and the timer/event counter. 
An interrupt or reset releases standby mode. Since an 
interrupt releases standby mode, neither STOP nor 
HALT modes can be set if an interrupt request flag is 
set. Therefore, when setting standby mode when there 
is a possibility of a request flag being set, first reset the 
interrupt request flag by processing the interrupt in 
advance or by executing the SKI instruction. 

The major difference in the two modes is that crystal 
oscillation (CL) stops in STOP mode but does not stop 
in HALT mode. 

In STOP mode, it is possible to go into data retention 
mode by lowering the power supply voltage. During 
data retention mode, all operation stops and only the 
data RAM stays intact. 



Table 2 shows the differences between STOP and 
HALT modes. 

Table 2. Differences Between STOP and HALT Modes 





Mode 


Operation 


STOP Mode 


HALT Mode 


Ceramic Oscillation 


X(D 


0(2) 


1/2 Ceramic Oscillation 


X 


X 


CPU 


X 


X 


Serial I/O 


(3) 




Timer/Event Counter 


X 





A/D Converter 


X 





Release of Standby 
Mode 


RESET 


INTO/S RQF 
NTT RQF 
RESET Input 



Note: 

(1) Not possible 

(2) Possible 

(3) Possible depending on clock source selected 
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STOP Mode 

In STOP mode, ceramic oscillation and the half- 
frequency divider stop. The CPU stops and the opera- 
tions requiring the system clock (CL, 0) stop. 

Release from STOP mode is with the RESET input 
only. All other functions cease to operate. 

In order to minimize power consumption, the current 
flowing through the resistor ladder of the A/D converter 
must be minimized. To minimize power consumption, 
turn off the power to the Varef P in - 

Note that ceramic oscillation stops and disables the 
system clock during STOP mode by bringing CL2 to 
ground. Therefore, if the external clock is connected to 
CL1 and a STOP instruction is executed, the CPU will 
enter HALT mode instead. 

HALT Mode 

In HALT mode, only the half-frequency divider circuit 
stops in the clock generator circuit (CL operates, 
stops). Therefore, the CPU and the operation of the 
serial interface (when using as a serial clock) stop. 

However, since the clock control circuit is still in 
operation, it can select the CL signal from the clock 
generator or the EVENT input and supply the count 
pulse (CP) to the timer/event counter. 

Consequently, the timer/event counter can be operated 
in HALT mode. The serial interface operates if a serial 
clock other than <p (such as the external clock, TOUT 
signal) is selected. The HALT mode is released by the 
RESET input or an interrupt, even if the interrupt is 
disabled. 

Release from Standby Mode by Interrupt 

The standby mode is released when the interrupt 
request flag is set by an interrupt source, whether 
interrupts are disabled or enabled. However, the opera- 
tions after release differ in each case. 

If the interrupt master enable F/F is enabled, and if the 
interrupt is enabled, the corresponding interrupt routine 
is initiated after execution of one instruction after the 
STOP/HALT instruction. Then, the result flag is reset. 
If the corresponding bit of the interrupt enable register 
has been reset, execution of instructions starts after 
the STOP/HALT instruction, and the interrupt routine 
is not initiated. In this case, the request flag for release 
remains set. If necessary, reset the request flag with the 
SKI instruction. 



If the interrupt master enable F/F is disabled, the 
instruction following the STOP/HALT instruction is 
executed regardless of the state of the interrupt enable 
register (interrupt routine is not initiated). In this case, 
the interrupt request flag is left set. If necessary, it can 
be reset by the SKI instruction. 

After any release, operation resumes with the same 
register contents as before standby mode. 

Release From Standby Mode with RESET 

Both STOP and HALT modes are released uncondi- 
tionally by the RESET input. Figure 14 shows the 
release timing. 

If the device is reset during STOP mode, the low to high 
transition of the RESET pin will take the processor 
from STOP mode to HALT mode. When RESET goes 
high to low, the HALT mode is abandoned, and after a 
normal reset operation, the PC is initialized to 0. Only 
the data memory will stay intact during the HALT 
mode, but all registers become undefined. 

If the device is reset during HALT mode, the high to low 
transition of RESET will release the device from standby 
mode. After a normal reset operation, the PC is 
initialized to 0. Only the data memory will stay intact 
during the STOP mode, but all registers become 
undefined. 

Figure 15 shows the release from HALT mode by 
RESET. 

Figure 14. Release from STOP mode by RESET 
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Figure 15. Release from HALT Mode by RESET 
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Reset Function 

The/uPD7533 is reset and initialized by the input of the 
RESET signal (active high). 

A RESET causes the CPU to initialize in the following 
manner: 

• Program counter (PC) is cleared to 

• Skip flags (SK1, SKO) and program status word 
(PSW) are reset to 

• Timer/event counter: 

— Count register = 00H 

— Modulo register = FFH 

— Timer-out F/F = 

• Clock control circuitry: 

— Clock mode register (CM3-CM0) = 
CL 
256 

— Timer-out FF signal not output to PTOUT 

— Prescalers 1-3 = 
Shift Mode Register (SM 3 -SM ) is cleared to 0. 

— Shift operation stops 

— Port is in input mode (high impedance) 

— INTS is selected interrupt source of INTO/S 
A/D converter circuit: 

— ADM register is set to 

— ANO is selected 

— SA register is set to 7FH 

— EOC flag is set to logic 1 
Interrupt control circuit: 

— Interrupt request flags = 

— Interrupt master enable F/F = 

— Interrupt enable register = 

— All pending interrupts are cancelled 

— All interrupts are disabled 
All Port 2-7 output buffers are turned off 
Contents of data memory and the following registers 
are undefined: 

— Stack pointer (SP) 

— Accumulator (A) 

— Carry flag (C) 

— General purpose registers (H,L) 

— All port output latches 

— Shift register 



Power-on Reset Circuit 

Figure 16 shows an example of the simplest power-on 
reset circuit using a resistor and a capacitor. 

Figure 16. Power-on Reset Circuit 
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//PD7537A/38A 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

WITH FIP® DRIVER 



Description 

The mPD7537A, mPD7538A, and ^PD75CG38 are 4-bit, 
single-chip CMOS microcomputers with the /iPD7500 
architecture and FIP direct-drive capability. 

Note: This data sheet pertains to f*PD7537A, /iPD7538A, 
and (iPD75CG38. For simplification, the revision 
letter (A) usually is omitted from the part numbers 
within the data sheet. 

The /iPD7537 contains a 2048 x 8-bit ROM and a 
128 x 4-bit RAM. The mPD7538 contains a 4096 x 8-bit 
ROM and a 160 x 4-bit RAM. 

The^PD7537/38 contains two 4-bit general purpose reg- 
isters located outside RAM. The subroutine stack is im- 
plemented in RAM for greater depth and flexibility. The 
MPD7537/38 typically executes 67 instructions with a 
5/iS instruction cycle time. 

The jhPD7537/38 has one external and two internal 
edge-triggered hardware-vectored interrupts. An 8-bit 
timer/event counter and an 8-bit serial interface help to 
reduce software requirements. 

Thirty-one high-voltage lines are organized into the 3-bit 
output port 2, the 4-bit output ports 3, 8, and 9, and the 4- 
bit I/O ports 4, 5, 10, and 11. 

The low power consumption CMOS process allows the 
use of a power supply between 2.7 V and 6.0 V. Current 
consumption is less than 3.0 mA maximum, and can be 
further reduced in the halt and stop power-down modes. 

The /iPD75CG38 is a piggyback EPROM version of the 
jiPD7537/38. Pin-compatible and function-compatible 
with the final, masked versions of the jnPD7537/38, the 
HPD75CG38 is used for prototyping and for aiding in pro- 
gram development. 

Features 

□ 67 instructions 

□ Instruction cycle: 

— Internal clock: 5 ms/400 kHz, 5 V 

— External clock: 4 jljs/500 kHz, 5 V 

□ Upwardly compatible with the )nPD7500 series 
product family 

□ 4,096 x 8-bit ROM (><PD7538/75CG38) 
2,048 x 8-bit ROM (mPD7537) 

□ 160 x 4-bit RAM 0iPD7538/75CG38) 
128 x 4-bit RAM 0*PD7537) 

□ 35 I/O lines 

□ 31 high-voltage output lines that can directly drive a 
vacuum fluorescent diplay (FIP) 

FIP is the registered trademark for NEC's fluorescent indicator panel (vacuum 
fluorescent display). 



□ Can select either a pull-down resistor or open-drain 
output per 31 high-voltage outputs (mask optional) 

□ Vectored interrupts: one external, two internal 

□ 8-bit timer/event counter 

□ 8-bit serial interface 

□ Standby function (HALT, STOP) 

□ Data retention mode 

□ Zero-cross detector on P0rj/INT0 input (mask 
optional) 

□ System clock ^PD7537/7538/75CG38): on-chip 
ceramic oscillator 

□ CMOS technology 

□ Low power consumption 

□ Single power supply 

— nPD7537/7538: 2.7 V to 6.0 V 
— M PD75CG38: 5.0 V ±10% 



Ordering Information 




Part 

Number Package Type 


Max Frequency 
of Operation 


^PD7537AC/38AC 42-pin plastic DIP 


610 kHz 


piPD7537ACU / 38ACU 42-pin plastic shrink DIP 


610 kHz 


HPD75CG38E 42-pin ceramic piggyback DIP 


500 kHz 



E 



Pin Configurations 

l*PD7537/38 42-Pin Plastic DIP or Shrink DIP 



RESET C 


~~ i ^ 


J 42" 


3V SS 




CL1 C 


2 


41 


3 POq/INTO 




CL2C 


3 


40 


3 PO^SCK 




VpreC 


4 


39 


3 po 2 /so 




v LOAD C 


5 


38 


3 PO3/SI 




P5 3 C 


6 


37 


^P3 




P5 2 C 


7 


36 


HP3t 




P5lC 


8 


35 


HP3 2 




P5oC 


9 


34 


HP3 3 




P2 3 C 


10 G 33 


DP4 




P2 2 C 


11 S 32 


DP4i 




P2VPTOUT C 


12 £ 31 


HP4 2 




PIO3C 


13 


30 


HP4 3 




PIO2C 


14 


29 


DP8 




P10lC 


15 


28 


DP81 




P10 C 


16 


27 


3P8 2 




P113C 


17 


26 


HP83 




P112C 


18 


25 


HP90 




P11lC 


19 


24 


DP91 




P11oC 


20 


23 


DP9 2 




VddC 


21 


22 


3P93 


49-001 170A 
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Pin Configurations (cont) 

\aPD75G38 42-Pin Ceramic Piggyback DIP 



^PD75CG38 EPROM 















RESET C 


1 


W 


42 


3 v ss 


CL1 C 


2 


,iPD75CG38 


41 


3 P0 /INTO 




CL2C 


3 




40 


J PO^SCK 




VpreC 


4 


VddO 1 280V D D 


39 


2 po 2 /so 




Vload C 


5 


NCO 2 270MSEL 


38 


D PO3/SI 




P5 3 C 

P5 2 C 


b 
7 


A7 (5 3*265 V DD 


37 
36 


DP3 
3Ph 




P51 C 


8 


A 6 O 4 250 *8 

1 1 
A5O 5 24OA9 


35 


]P3 2 




P5 C 


9 


1 1 

A4O 6 230An 


34 


DP3 3 




P2 3 C 


10 


A3O 7 220 V S S 


33 


DP4 




P2 2 C 


11 


1 1 


:» 


3 P4 1 




P2VPT0UT £ 


1? 


A2O 8 21O A 10 
1 1 


31 


^P4 2 




PIO3C 


13 


AtO 9 20O CE 
AoOlO 19017 


30 


DP4 3 




P10 2 c 


14 


1 1 


W 


DP8 




PKh c 


15 


l O11 18016 
Il6l2 I7OI5 


28 


DP81 




P10 C 


16 


l 2 013 I6OI4 


27 


DP82 




PH3C 


17 


V S s014 15<J)I 3 

y 


26 


DP83 




PH2C 


18 


25 


IPSO 




P11lC 


19 


24 


3P91 




P11oC 


20 


EPROM: 2732 


23 


3P92 




VddC 


21 




22 


DP9 3 


49-001171A 













Pin Identification 



»PD7537/38 and \iPD7SCG3B 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2,3 


CL1, CL2 


Clock pins 


4 


V PRE 


High-voltage output predriver supply 


5 


v L0AD 


High-voltage output option resistor 
supply 


6-9 


P5 -P5 3 


High-voltage I/O port 5 


10,12 


P2 3 , P2 2 
P2 1 /PT0UT 


High-voltage output port 2, and output 
port from timer /event counter (PT0UT) 


13-16 


PIO0-PIO3 


High-current, high-voltage I /0 port 10 


17-20 


PII0-PH3 


High-voltage, high-current I/O port 11 


21 


Vdd 


Positive power supply 


22-25 


P9 -P9 3 


High-voltage, high-current output port 9 


26-29 


P80-P83 


High-voltage, high-current output port 8 


30-33 


P4 -P4 3 


High-voltage I/O port 4 


34-37 


P3 -P3 3 


High-voltage output port 3 


38 
39 
40 
41 


PO3/SI 
P0 2 /S0 
PO^SCK 
P0 /INT0 


4-bit input of port 0; or serial data input 
(SI), serial data output (SO), serial clock 
I/O (SCK), and external interrupt input 
(INTO) or zero-cross detect input (POo). 


42 


Vss 


Ground 



No. 


Symbol 


Function 


1 


Vdd 


Connection to pin 21 of ^PD75CG38 


2 


NC 


No connection 


3-10, 21, 24, 


25A -A 10 


EPROM address output 


11-13, 15-19 


In-'? 


Data read input from the EPROM 


14 


Vss • 


Connection to EPROM GND pin 


20 


CE 


Chip enable output 


22 


Vss 


Supplies EPROM OE signal 


23 


A11 


Program counter MSB output 


26 


Vdd 


Supplies Vcc to the EPROM 


27 


MSEL 


Mode select input 


28 


Vdd 


Supplies high-level signal to MSEL 



Note: 

(1) Output drivers on ports 2-5 and 8-11 are mask-optional. Accordingly, 
either an open-drain output or a pull-down resistor can be selected. 
Vload ' s suitable for an output driver with a pull-down resistor. 

(2) Ports 2-5 are suitable as FIP segment signal outputs, and ports 8-11 
are suitable for FIP digit signal outputs. 

(3) Ports 8-11 have high-current drive capability and can drive an LED 
directly. 

Pin Functions, /^PD7537/38 and 
M PD75CG38 

RESET 

System reset (input). 

CL1.CL2 

Connection to the ceramic oscillator. CL1 is the external 
clock input. 

VpRE 

Negative power supply for high-voltage output pre- 
drivers (for ports 2-5, 8-11). 

Vload 

Negative power supply for optional load resistors (pull- 
down resistors) of high-voltage output drivers (for ports 
2-5, 8-11). This pin is only on the (iPD7537/38. 

P5 3 -P5 

4-bit, high-voltage I/O port 5. 

P2i-P2 3 

3-bit, high-voltage output port 2. 
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PTOUT 

Output port for the timer/event counter. 

PIO3-PIO0 

4-bit, high-voltage, high-current I/O port 10. Capable of 
bit set/reset by SPBL/RPBL instructions. 

P113-P110 

4-bit, high-voltage, high-current I/O port 11. Capable of 
bit set/reset by SPBL/RPBL instructions. 

V D D 

Positive power supply. 

P93-P90 

4-bit, high-voltage, high-current output port 9. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P83-P80 

4-bit, high-voltage, high-current output port 8. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P4 3 -P4 

4-bit, high-voltage I/O port 4. 

P3 3 -P3 

4-bit, high-voltage output port 3. 

PO0-PO3 

4-bit input port 0. P0rj is also used as the zero-cross de- 
tection input. 

SI 

Serial data input. 

SO 

Serial data output. 

SCK 

Serial I/O clock. 

INTO 

External interrupt input. 

Vss 

Ground. 



Pin Functions, |J>D75CG38 EPROM 

MSEL 

Changes the addressing area of the external EPROM 
and the on-chip RAM (with a pull-down resistor). Con- 
necting a jumper between socket pins 27 (MSEL) and 28 
(V D d) selects M PD7537 mode (2-Kbyte EPROM, 128 x 4- 
bit RAM). Leaving MSEL open selects ^PD7538 mode (4- 
Kbyte EPROM, 160 x 4-bit RAM). 

A0-A10 

Output the low-order 11 bits of the program counter 
(PCo-POio). Used as EPROM address signals. 

A11 

When MSEL is high level, A-n outputs high-level signals. 
When MSEL is open, An outputs the MSB of the PC, 
which is used as the most significant address signal of 
the 4-Kbyte EPROM 2732. 

I0-I7 

Input data read from the EPROM. 

CE 

Outputs the chip enable signal to the EPROM. 

VDD 

Pin 26 is electrically equivalent to the bottom Vdd pin 
and is used to supply Vcc to the EPROM. Pin 28 is elec- 
trically equivalent to the bottom Vdd P in ar| d is used to 
supply the high level signal to MSEL. Pin 1 connects to 
pin21offiPD75CG38. 

vss 

Pin 14 is electrically equivalent to the bottom Vss P in in 
voltage, and is connected to the EPROM GND pin. Pin 
22 is electrically equivalent to the bottom Vss P in and is 
used to supply the OE signal to the EPROM. 

Instruction Set 

Refer to the User's Manual. The instruction set appears 
aiso as subset A4 in the data sheet for the ^PD7500 se- 
ries of single-chip microcomputers. 
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Block Diagram, juPD7537/38 



H 



Program Counter (11/12) 



n 



Program Memory 
2048x8BHs(hPD7537) 
4096x8BHs(mPD7538) 



ft 



P0 


INTO 












INTO 


PO,/ 


SCK PO, 

I 

P0 2 /SO 

■ t 


/SI 




' 




P0 










" 
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' 




Zero- 
Cross 
Detector 




Clock 
Control 


CP 

— »• 


Timer/Event 
Counter 


— *• 


Interrupt 
Control 




Serial 
Interface 






r 

CL 






' 






A \ L»»TOUT 4 £ 






























V PRE VlOAD 

I i 



7S 




System 

Clock 

Generator 


Standby 
Control 






, 






, 


. 


i / 



Vdd 



Vss 



n 



General Registers 



L(4) 



Stack Pointer (8) 



H 



Data Memory 
128x4Bits(tiPD7537) 
160x4Bits((jiPD7538) 



E£ K±JP0 -P0 3 



D/LN Port 5 /L-N 
( ) Latch ( 4 > P5 -P5 3 
NfK Buffer V/ 



o 



Port 2 
Latch 
Buffer 



x> 



AK Port 4 /L-N. 
f _> Latch Q 4 > P4 -P4 3 
V Buffer V/ 



Port 3 
Latch 
Buffer 



A> 



P2,-P2 3 
PTOUT/P2, 



P3 -P3 3 



I K Port 8 1\ 

} Latch 4 > P8 -P8 3 
I V Buffer V 



I K Port 9 1\ 

) Latch 4 } P9o- p9 3 
| 1/ Buffer — — i/ 



/U\ Port 10 /LJ\ 
^ > Latch ( 4 "> P10o-P10 3 
NIK Buffer NrK 



/U\ Portl 
f ) Latch 
NfK Buffer 



"<A> 

er Nn/ 



PII0-PH3 
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Block Diagram, ^PD75CG38 



P0 /INT0 



*0" A 10 \~^~ 



^n) 



Zero- 
Cross 
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P0 ' 



n 



Timer/Event 
Counter 



Interrupt 
Control 



P0,/SCK PO3/SI 

i, 
P0 2 /SO 



Serial 
Interface 



» N E 






^-^r (^ 



VpRE 

I 



Address 
Control 



J_J 



System 

Clock 

Generator 


Standby 
Control 


, 


1 







General Registers 



^ 



Instruction 
Decoder 



H(4) 



L(4) 



Stack Pointer (8) 



hh 1 

V D D vcc v ss v ss RESET 



n 



Address Decoder 



Data Memory 
160x4 Bits 



C Bu«er Ci]P0 -P03 




/U\ /U\ Port 5 />J\ 
( ) ( ) Latch ( 4 > P5 -P5 3 
NTT/ NJV Buffer \n/ 



Vv/ 



Buffer h— 1/ PT0UT/P2, 



a Port 4 /L-f\ 
Latch C 4 > P4 -P4 3 
Buffer V/ 



Port 3 
Latch 
Buffer 



O 



P3 -P3 3 



I N. Port 8 \ 

) Latch 4 > P80-P83 
I V Buffer V 



E 



I N. Port 9 \ 

) Latch 4 > P9 -P93 
I V Buffer 1/ 



/U\ Port 10 
( ) Latch 
\rV Buffer 



o 



P100-P103 



At\ Port 11 yl-f\ 
( ) Latch ( 4 > PII0-PH3 
\rV Buffer NTV 



Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vqq 




-0.3Vto+7V 


Power supply voltage, VLo AD (/iPD7537 / 38) 


Vdd 


-40VtoV DD +0.3V 


Power supply voltage, Vpre 


V DD 


-12VtoV DD +0.3V 


Input voltage, except ports 4, 5, 10, 11, V|n 




0.3VtoV DD +0.3V 


Input voltage, ports 4, 5, 10, 11, Vin 


Vdd- 


-40VtoV DD +0.3V 


Output voltage, except ports 2-5, 8-11, Vo 




0.3VtoV DD +0.3V 


Output voltage, ports 2-5, 8-11, Vq 


Vdd- 


-40VtoV DD +0.3V 


Output current high, per pin: PO-j, PO2; Ioh 




-15 mA 


Output current high, per pin: ports 2-5, 8-11; Ioh 




-30 mA 


Output current high, ports 3, 4, 8, 9 total, Ioh 




-55 mA 


Output current high, ports 2, 5, 10, 11 total, Ioh 




-55 mA 


Output current low, per pin, Iol 




15 mA 


Output current low, all ports total, Iol 




15 mA 


Operating temperature, Topt 




-10°Cto+70°C 


Storage temperature, Tstg 




-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

TX = 25 °C, Vqd = V, f = 1.0 MHz, Unmeasured pins returned to GND 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input 
capacitance 


C| 






15 


pF 


PO0-PO3 


Output 


Co 






15 


pF 


Port 2 


capacitance 






35 


PF 


Ports 3, 8, 9 


I/O 


Cio 






15 


PF 


POi, P0 2 


capacitance 






35 


pF 


Ports 4, 5, 10, 11 
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DC Characteristics 

»PD7537/38 

T A = -10°CtO +70°C,V DD = +2.7Vto6.0V 





Limits _ . 
Tast 


Parameter 


Symbol Min Typ Max Unit Conditions 


Input voltage, 


V| L i 0.3 V DD V PortO, RESET 


low 


V| L2 0.5 V CL1 




V| L3 Vdd-35 0.3V dd V Ports 4, 5, 10, 11 



Input voltage, Vim 0.7 Vdd 
hi 9 h V IH2 V DD -0.5 



V D D 



Port 0, RESET 



V D D 



CL1 



V|H3 0.7 V DD 



VDD 



Ports 4, 5, 10,11; 
4.5V<V DD «6.0V 



Vdd-0-5 



Vdd 



Ports 4, 5, 10, 11; 
2.7V<V DD <4.5V 



Output voltage, Vol 
low 



0.4 



POi, P0 2 ; 

4.5 V<V DD < 6.0 V; 

Iql= 1.6 mA 



0.5 



pOl po 2 ; 
IOL=400f<A 



Output voltage, Voh Vdd -2.0 
high 



Ports 2-5, 
l H=-4mA 
(Note 1) 



Vdd-2-0 


V 


Ports 8-11, 
lnH=-10mA 
(Note 1) 


V D D-2.0 


V 


Ports 2-5, 
l H=-2mA 
(Note 2) 


Vdd-2-0 


V 


Ports 8-11, 
l H = -5mA 
(Note 2) 


Vdd-1-0 


V 


POi. PO2; 
l H=-1mA 
(Note 3) 



v DD -0.5 



po-i. P0 2 ; 

iOH=-100fiA 



Input leakage 
current, low 


■l_IL1 


-3 


A 


V, N = 0V; 
P0 (Note4)-P0 3 




'LIL2 


-40 


A 


V| N =0V;P0 
(Note 5) 




■lIL3 


-20 


yA 


V| N = 0V;-CL1 




'LIL4 


-10 


yA 


V| N =V DD -35V; 
ports 4, 5, 10, 11 


Input leakage 
current, high 


>LIH1 ' 


3 


yA 


Vin=v D d;po 

(Note4)-P0 3 




l UH2 


40 


yA 


V|N=V DD ;P0 
(Note 5) 




>LIH3 


20 


ma 


V| N =V DD ;CL1 




'LIH4 


80 


VA 


V|N = VDD;P0rts4, 
5, 10, 11 


Output leakage 


■lou 


-3 


yA 


V =0V;P0 1 , P0 2 


current, low 


>L0L2 


-10 


yA 


V =V DD -35V; 



HPD7537/38 

T A = -10°CtO +70°C,V DD = +2.7 V to 6.0 V 





Limits 




Unit 


Test 


Parameter Symbol Min 


Typ 


Max 


Conditions 


Output leakage I low 
current, high 




3 


jjA 


Vo=V D d; except 
ports 4, 5,10,11 


'L0H2 




80 


ma 


Vo=VoD;ports4, 
5, 10, 11 


Supply current, Iqdi 
normal operation 


1.5 


4.0 


mA 


V DD =5V±10%, 
f C c =600 kHz 



Supply current, Idd2 
HALT mode 
(Note 6) 



700 1800 



yA V D d=5V±10%, 
t C c = 600 kHz 
(Note 4) 



230 700 



yA V D d = 3V±10%, 
f C c =600 kHz 
(Note 4) 



710 1840 



yA V DD =5V±10%, 
f C c=600kHz 
(Note 5) 



237 730 



yA V DD =3V±10%, 
f cc =600 kHz 
(Note 5) 



Supply current, Idd3 
STOP mode 
(Note 6) 



0.1 



yA (Notes 4, 6) 



40 



^iA V DD =5V±10% 
(Note 5) 



30 



/^A V DD =3V(Note5) 



Note: 

(1) V PRE = V DD - 9 V ±1 V. The circuit in figure 5 is recommended. 

(2) V PRE = OV.V DD = 4.5 V to 6.0 V. 

(3) V DD = 4.5 V to 6.0 V. 

(4) Without zero-cross detector. 

(5) With zero-cross detector. 

Figure 1. Recommended Circuit, yiPD7537/7538 
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49-001 172A 



ports 2-5, 8-11 
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DC Characteristics (cont) 

\jlPD75CG38 



T A = -10°Cto +70 o C,V DD = +5Vi 


10% 








Limit! 




Unit 


Test 


Parameter 


Symbol Min Typ 


Max 


Conditions 


Input voltage, 


V|L1 


0.3V DD 


V 


Port 0, RESET 


low 


V|L2 


0.5 


V 


CL1 




V|L3 V DD -35 


0.3 V DD 


V 


Ports 4, 5, 10,11 


Input voltage, 


V|H1 0.7V DD 


V D D 


V 


Port 0, RESET 


high 


V| H2 V DD -0.5 


Vdd 


V 


CL1 




V|H3 0.7V DD 


Vdd 


V 


Ports4, 5, 10, 11 


Output voltage, 
low 


Vol 


0.4 


V 


POi, P0 2 ; 
l0L=1-6mA 






0.5 


V 


POl P0 2 ; 
Iol=400jjA 



Output voltage, Voh 


Vdd-2-0 


V Ports 2-5, 


high 




l H = -4mA 
(Note 1) 



Vdo-2.0 


V 


Ports 8-11, 
IOH = -10mA 
(Note 1) 


Vdd-2-0 


V 


Ports 2-5, 
l H = -2mA 
(Note 2) 


V D d-2.0 


V 


Ports 8-11, 
l H=-5mA 
(Note 2) 



Vqd-1.0 



V POl P0 2 ; 
l H=-1mA 
(Note 2) 



Input current, 
low (I0-I7) 


>IL 


-200 


jiA 


V| N = 0V 


Input current, 
high(MSEL) 


l|H 


300 


^a 


V|N = V DD 


Input leakage 
current, low 


'LIU 


-3 


ma 


V| N =0V;P0 r P0 3 




>LIL2 


-40 


ma 


V| N =0V;P0 




■lIL3 


-20 


ma 


V| N = 0V;CL1 




'LIL4 


-10 


ma 


V| N =V DD -35V; 
ports 4, 5,10,11 


Input leakage 
current, high 


!lIH1 


3 


ma 


V|n=Vdd; 
PO1-PO3 




'LIH2 


40 


^ 


Vin=v D d;poo 




!lIH3 


20 


ma 


V, N = V DD ;CL1 




■lIH4 


80 


»<A 


V|n=Vdd: ports4, 

5, 10, 11 


Output leakage 


'L0L1 


-3 


^A 


V = 0V;P0 1 , P0 2 


current, low 


'L0L2 


-10 


pA 


V =V DD -35V; 



HPD75CG38 



T A = -10°Cto +70°C, 


Vdd = 


+5V± 


10% 










Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Output leakage Ilohi 
current, high 






3 


ma 


Vo= Vdd; except 
ports 4, 5, 10, 11 


>L0H2 






80 


^ 


Vo=V D D;ports4, 
5,10,11 


Supply current, l D ni 
normal operation 




1.0 


3.0 


mA 


f C c =400 kHz 


Supply current, 1 002 
HALT mode 
(Note 3) 




460 


1230 


MA 


fee =400 kHz 


Supply current, Iqd3 
STOP mode 
(Note 3) 




10 


40 


^ 





Note: 

(1) VpRE = Vdd - 9 V ±1 V. The circuit in figure 6 is recommended. 

(2) V PRE = OV 

(3) Ports 4, 5, 10, 11 are output off or low input. 

Figure 2. Recommended Circuit, \xPD75CGZB 
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fiPD75CG38 

Vpre 
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ports 2-5, 8-11 
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Zero-Cross Detection Characteristics 

/iPD7537/38:T A = -10°Cto +70°C,V DD = 4.5Vto6.0V 
MPD75CG38: T A = -10°Cto +70°C,V D d= +5V±10% 







Limits 




Unit 


Test 


Parameter 


Symbol Mln 


Typ 


Max 


Conditions 


Zero-cross 
detection input 
voltage 


Vzx(P-P) 1.0 




3.0 


Vp-p 


AC coupled, 
C=0.1nF 


Zero-cross 
accuracy 


Vazx 




±100 


mV 


50 Hz to 60 Hz sine 
wave 


Zero-cross 
detection input 
frequency 


f ZX 45 




1000 


Hz 





Zero-Cross Detection Waveform 




Note: In the above waveforms, both 0-to-1 and 1-to-0 transitions of the zero-cross 

detection signal delay from the low-to-high and high-to-low transitions of the AC 
input signal, respectively. However, it is possible that the zero-cross detection 
leads low-to-high and/or high-to-low transition(s) of the AC input signal. 



AC Characteristics 

HPD7537/38 

T A = -10°Cto +70°C,V D d= +2.7Vto6.0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Cycle time 
(Note 1) 


tCY 


3.3 




200 


fiS 


V DD =4.5Vto 
6.0V 




9.5 




200 


M S 




POo event input 
frequency 


f P0 







610 


kHz 


V DD =4.5Vto 
6.0V 









210 


kHz 




POo input rise 
time 


l P0R 






0.2 


MS 




POo input fall 
time 


tpOF 






0.2 


MS 




POo input pulse 
width, low 


tpOL 


2.3 






MS 




P0q input pulse 
width, high 


tpOH 


0.62 






MS 


V DD =4.5Vto 
6.0V 



SCK cycle time t«cY 3.0 



3.3 



8.0 



SCK pulse 
width, high 



*KH 



1.3 



1.45 



Note: 

(1) t CY = 2/f cc or2/f c 



MS Input; Vqd=4.5V 
to 6.0 V 



MS Output; 

V DD =4.5Vto 
6.0V 



MS Input 







9.5 


MS Output 


SCK pulse 


tKL 


4.0 


MS Input 


width, low 


4.7 


MS Output 



MS Input; Vqd=4.5V 
to 6.0 V 



MS Output; 

V DD =4.5Vto 
6.0V 



SI set-uptime 
(to rising-edge 
of SCK) 


tsiK 


300 




ns 




SI hold time 
(after 

rising-edge of 
SCK) 


l KSI 


450 




ns 




SO output delay 
time (after 


l KS0 




850 


ns 


V DD =4.5Vto 
6.0V 


falling-edge of 
SCK) 




1200 


ns 




INTO pulse 
width, high, low 


l IOH. 
tlOL 


10 




MS 




RESET pulse 
width, high, low 


l RSH. 
tRSL 


10 




MS 
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AC Characteristics (cont) 



Oscillation Characteristics 



T A =-10°CtO +70°C, 


V D D = 


+5V±10% 








Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Cycle time 
(Note 1) 


tfJY 


4.0 


200 


iiS 




POo event input 
frequency 


f PO 





500 


kHz 




POo input rise 
time 


tpOR 




0.2 


us 




P0 input fall 
time 


tP0F 




0.2 


us 




POo input pulse 
width, high, low 


tP0H. 
tP0L 


0.8 




MS 




SCK cycle time 


l KCY 


3.0 




IAS 


Input 




4.0 




/iS 


Output 


SCK pulse 
width, low 


*KL 


1.8 




MS 


Output 


SCK pulse 
width, high 


l KH 


1.3 




us 


Input 


SI set-uptime 
(to rising-edge 
of SCK) 


tSIK 


300 




ns 




SI hold time 
(after 

rising-edge of 
SCK) 


l KSI 


450 




ns 




SO output delay 
time (after 
falling-edge of 
SCK) 


tKSO 




850 


ns 




INTO pulse 
width, high, low 


l IOH. 
t-IOL 


10 




MS 




RESET pulse 
width, high, low 


tRSH. 
l RSL 


10 




MS 




Data input delay tAcc 
time from 
address 




700 


ns 




Data input_delay Ice 

time from CE 




700 


ns 




Input hold time 
after address 


tlH. 







ns 





Note: 

d) t CY = 2/f cc 



or2/f c 



AC Waveform Measurement Points (Except CL1) 



X0.7V DD , 
0-3 V DD - 



0.7V DD r/~ 
0-3VddA 



HPD7537/38 

T A =-10°Cto +70°C,V DD = 


2.7 V to 6.0 V 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock 
oscillation 
frequency 
(Note 1) 


fee 


390 


400 


410 


kHz 


(Note 2) 
V DD =4.5to6.0V 


Oscillation stable 
time (Note 1) 


tos 


20 






ms 


(Note 3) 


System clock 
CL1 input 


fc 


10 




500 


kHz 


V DD =4.5Vto 
6.0V 


frequency 
(Note 4) 


10 




210 


kHz 




CL1 input rise 
time 


tCR 






0.2 


MS 




CL1 input fall 
time 


tCF 






0.2 


MS 




CL1 input pulse 
width, low 


tCL 


2.0 




50 


M s 




CL1 input pulse 
width, high 


tCH 


0.8 




50 


MS 


V DD =4.5Vto 
6.0V 



E 



Note: 

(1) Ceramic resonator: CSB400P (MURATA) or KBR-400B (KYO-CERA) is 
recommended (see figure 3). 

(2) Oscillation isonlyguaranteedat3V<V D o<4.5V. 

(3) After V DD reaches 4.5 V. 

(4) External clock (see figure 4). 

HPD75CG38 

T A = -10°CtO +70°C,V DD = 5V±10% 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


System clock 
oscillation 
frequency 
(Note 1) 


f CC 


390 


400 410 


kHz 




Oscillation stable 
time (Note 1) 


3 t S 


20 




ms 


After Vdd reaches 
4.5V 


System clock 
CL1 input 
frequency 
(Note 2) 


fc 


10 


500 


kHz 




CL1 input rise 
time 


tCR 




0.2 


MS 




CL1 input fall 
time 


tCF 




0.2 


MS 




CL1 input pulse 
width high, low 


*CH. 

tCL 


0.8 


50 


MS 





Note: 

(1) Ceramic resonator: CSB400P (MURATA) is recommended; C = 300 pF 
(see figure 3). 

(2) External clock (see figure 4). 
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Figure 3. 


Recommended C/rci 


nit 


,IaPD7537/7538 






CL1 CL2 


49-001057A 


< 


I 


HDH 


IC 



Data Retention Mode Timing 



Figure 4. Recommended Circuit, nPD75CG38 




Stop Mode Low Voltage Data Retention 
Characteristics 

HPD7537/38 

T A = -10°CtO +70°C,V DD = 2.7 V to 6.0 V 





Symbol 




Limite 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Data retention 
supply voltage 


Vdddr 


2.0 




6.0 


V 




Data retention 
supply current 


'dddr 




0.1 


10 


nk 


V DDDR = 2V 
(Note 1) 






7 


30 


KA 


V DDDR = 2V 
(Note 2) 


RESET set-up 
time 


tSRS 









IIS 




Oscillation stable tns 
time 


20 






ms 


After Vdd reaches 
4.5V 


txPD7SCG38 

T A =-10°CtO+70°C, 


V D D = 


5V±10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Data retention 
supply voltage 


Vdddr 


2.0 




5.5 


V 




Data retention 
supply current 


'dddr 




7 


30 


vA 


V DDDR = 2V 


RESET set-up 
time 


tSRS 









^ 




Oscillation stable tns 
time 


20 






ms 


After Vdd reaches 
4.5V 



Note: 

(1) Without zero-cross detector. 

(2) With zero-cross detector. 



Vdd 



p— Data Retention Mode- 



v dddr 



HALT Operating 
Mode Mode 



r\ 



tQS 



M PD75CG38 EPROM Interface 

A4-Kbyte EPROM (2732) plugs into socket pins on top of 
the nPD75CG38. A high input to MSEL selects the 
jnPD7537 mode and fixes the A11 output high level in or- 
der to access the upper 2-Kbytes of the 4-Kbyte EPROM . 
When MSEL is open, juPD7538 mode is selected. All 
EPROM addresses can be accessed because Afi func- 
tions as the MSB of the address. Figure 5 shows the ad- 
dress control unit. Figures 6 and 7 show the nPD75CG38 
connected with the 2732. 

Figure 8 shows the EPROM read timing. Data is read 
into the instruction buffer at the end of the T4 state. The 
chip enable (CE) signal is made active during 2 states 
(T3, T4) in order to decrease the power consumption of 
the EPROM. 

Figure 5. Address Control Unit 



MSBot_ 
Address Buffer 



to Address Decoder ^ 
of Data Memory ' 



d> 



-<F 



On-chip 
pull-down 
resistor 



Vss 



An 



V DD (28) 



^ 



SW on : HPD7537 Mode 
SW off : fiPD7538 Mode 
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Figures. Connection with the 2732 faPD7537 Mode) Figure 7. Connection with the 2732 (nPD7538 Mode) 





HPD75CG38 






2732 








V D D(26) 

V D d(28) 

MSEL 

An (high) 

Ao-A 10 
CE 




Vcc 

A11 

A0-A10 

CE 

51 
O0-O7 

GND 


















^ 


V 




I0-17 
VssdO 


A 


















49- 


301173A j 



|iPD75CG38 




2732 


V D D(26) 

V DD (28) 
MSEL 

A0-A11 

51 

V S S(22) 

"o-'t 

Vss(14) 




Vcc 

A0-A11 

51 
51 

Oo-Oy 
GND 


(open) 

(open) 


> 


V 






c 


N 





Figure 8. EPROM Read Timing 



E 













T4 


/ 


T1 


\ 


T2 


T3 


! 


T4 


CL1 
(External) 


\ 






/ 


\ 


/ \ 
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Timing Waveforms 

EPROM (ixPD75CG38 only) 



Serial Interface 



An -An 



X 



I0-I7 



Clock 



CL1 Input 



POn Input 



X 



-*ACC- 



X 



J 



h- «ih 



C3 



-i/t c - 



-«CL" 



'CR- 



X / X 



-1/fpo- 



-tpoL- 



•POR-* 



X / X 



-«POH- 



\ / X 



-•kcy- 



*SIK 



-'kh- 



'ksi 



< Input Data ^ 



x 



x: 



Interrupt Input 




Reset Input 












RESET 


X 


« — 'rsl ► 


- — 'rsh ► 


\ 


49-001 169A 
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Operating Characteristics 



1000 
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Iddvs 


>■ Vdd 0v 


pical) 






















I TA = 








































Operatir 


gMode 


_ 1000 
















f 500 












=^- Halt Mode 


— 
















c 

£ 100 

" sn 


=l 


I n 










a 
a. 


— I CL 

— T 


c 

HQI- 

330 pF : 


.2 
C 

r 












10 


SB400P 












130 pF _ 




























I 





















































































































































Guaranteed Area 
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Supply Voltage, Vdd (V) 



2 2.7 3 4 

Supply Voltage, Vdd (V) 



Vqh vs. Ioh (Ports 8-11) (Typical) 



Vqh vs. Ioh (Ports 2-5) (Typical) 







ySVPF 


E=V DD -9V 


Ta = 25°C 






^*^ Vpre 


=V D D-5V 
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Differences Among the /uPD7537/38/CG38 





MTO75CQ38 


MPD7537 


(JPD7538 


Program memory 


4KbyteEPR0M 
(2732) 
connectable 
on top 


On-chip 2 Kbyte On-chip 4 Kbyte 
ROM ROM 


Data memory 
(RAM) 


160x4 


128x4 


160x4 


High-voltage 
output lines 


All open-drain 
outputs 


On-chip load capacitor or open drain 
output (bit by bit, mask optional) 


Vload Pi" 


No 




Yes 


Zero-cross 
detection 


Yes 




Mask optional 


Package 


42-pin ceramic 
piggyback DIP 
bottom pin 
compatible with 
M PD7537/38 




42-pin plastic DIP 

42-pin plastic 

shrink DIP 


Power supply 


5V 




2.7Vto6.0V 
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PRELIMINARY INFORMATION 



AfPD7554/64 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTES 

WITH SERIAL I/O 



Description 

The f*PD7554 and f*PD7564 are low-end versions of 
/iPD7500 series products. These microcomputers in- 
corporate a serial interface and are useful as slave 
CPUs to high-end ptPD7500 series or 8-bit ^COM-87 
series products. 

The hPD7554/7564 has output ports that can directly 
drive triacs and LEDs. Also, various mask-optional I/O 
circuits can be configured for a wide selection of out- 
puts allowing a reduction of external circuitry in your 
design. 

The /iPD7554 and mPD7564 differ only in their clock 
circuitry. The ^PD7554 uses an external resistor with 
an internal capacitor for an RC oscillator clock, where 
the nPD7564 uses an external ceramic oscillator as 
a clock. These microcomputers are ideally suited to 
control devices such as plain paper copiers (PPCs), 
printers, VCRs, and audio equipment. 

Features 



47 instructions (subset of ^PD7500 set B) 

Instruction cycle: 
External clock: 2.86 M s/700 kHz, 5 V 

RC oscillator (^PD7554): 4 ^s/500 kHz, 5 V 

Ceramic oscillator (/*PD7564): 3 ^s/660 kHz, 5 V 

Program memory (ROM) of 1024 x 8-bits 

Data memory (RAM) of 64 x 4-bits 

8-bit timer/event counter 

8-bit serial interface 

16 I/O lines 

Data memory retention at low supply voltage 

CMOS technology 

Low power consumption 

Single power supply (2.5 V to 6.0 V) nPD7554 
(2.7 V to 6.0 V) //PD7564 



Ordering Information 


Part Number 


Package Type 


//PD7554CS 


20-pin plastic shrink DIP 


/vPD7564CS 


20-pin plastic shrink DIP 


,uPD7554G 


20-pin plastic SO 


//PD7564G 


20-pin plastic SO 



Pin Configuration 
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20 
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19 
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3 




18 
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PO3/SI c 
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17 
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*f 


16 
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15 


3P10 3 




P8 2 c 


7 
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14 
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CL2(P8 3 ) C 8 




13 


HP101 




CL1 C 9 




12 


UPlOo 




V D D C 10 




11 


3 RESET 
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Pin Identification 


No. 


Symbol 


Function 


1-4 


P0 /INT0 
PO^SCK 
P0 2 /S0 
PO3/SI 


4-bit input port 0/count clock input/serial 
interface 


5-8 


P8 -P8 2 
P83/CL2 


4-bit output port 8 

Connection for ceramic resonator or RC. 


9 


CL1 


Connection for ceramic resonator or RC 


10 


V D D 


+ 5 V power supply 


11 


RESET 


Reset input pin 


12-15 


PIO-1-PIO3 


4-bit I/O port 10 


16-19 


PH0-PH3 


4-bit I/O port 11 


20 


GND 


Ground 



E 



Pin Functions 



POo/INTO, POi/SCK 

P0 2 /SO, PO3/SI 

(Port 0/count clock input/serial interface) 

4-bit input port 0/count clock input/serial I/O interface. 
This port can be configured as a 4-bit parallel input 
port or as the 8-bit serial I/O interface, under control 
of the serial mode select registe r. The seria l input SI 
(active high), seria l output SO (active low), and the 
serial clock SCK (active low— synchronizes data 
transfer) comprise the 8-bit serial I/O interface. If 
POo/INTO is unused, connect it to ground. If any of 
PO1-PO3 are unused, connect them to ground or Vqd- 
The port is in the input state at reset. 
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P8 -P8 2 
P83/CL2 
(Port 8/clock input 2) 

4-bit output port 8. This port can sink 15 mA and in- 
terface 12 V. On the fiPD7554, the port function of 
P83/CL2 is specified by mask option. P83 is a normal 
output port on the jhPD7564. On the nPD7554, CL2 is 
one of the pins to which a resistor for RC oscillation 
is connected. On the ^PD7564, CL2 is one of the pins 
to which a ceramic resonator is connected. If any of 
P80-P82 pins are unused, leave them open. The port 
is in the high impedance state at reset. 

CL1 (Clock input 1) 

On the nPD7554, CL1 is one of the two pins to which 
a resistor for RC oscillation is connected. On the 
nPD7564, CL1 is one of the two pins to which a 
ceramic resonator is connected. 

Vdd (Power supply) 

Positive power supply. 

RESET (Reset) 

System reset input pin (active high). This pin can be 
internally connected to a pull-down resistor if 
specified by mask option. 

P10 P10 3 (Port 10) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them 
to ground or Vdd m the input state, or leave open in 
the output state. The port is in the high impedance 
or high-level output state at reset. 



P11 -P1l3(Port 11) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them 
to ground or Vdd ' n tne input state, or leave open in 
the output state. The port is in the high impedance 
or high-level output state at reset. 

GND (Ground) 

Ground. 

Pin Mask Options 

Table 1 shows the mask options for all the port pins 
and the RESET pin. You may select these options in 
bit units. 



Table 1. 


Pin Mask Options 


Pin 


Options 


PO0-PO3 


1 
2 
3 


No connection to internal resistor 
Connected to internal pull-up resistor 
Connected to internal pull-down resistor 


P8 -P8 2 


1 
2 


CMOS (push-pull) output 
N-channel open-drain output 


P83/CL2* 


1 
2 


Use as P83 
Use as CL2 




1 
2 


CMOS (push-pull) output Used asP83 
N-channel open-drain output J 


PIO0-PIO3 
PII0-PH3 


1 
2 
3 


N-channel open-drain input/output 

CMOS (push-pull) input/output 

N-channel open-drain input/output with internal 

pull-up resistor. 


RESET 


1 
2 


Connected to internal pull-down resistor 
Not connected to internal pull-down resistor 



*: piPD7554 only 
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l<PD7554 Block Diagram 
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/uPD7564 Block Diagram 
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Functional Description 



I/O Ports 



Figure 1 shows the internal circuits at I/O ports PO, 
P8, PIO, and P11 



Figure 1. Interface at I/O Ports 
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Program Memory 

The jhPD7554/7564 has a mask-programmable ROM 
with a capacity of 1024 words by 8 bits for program 
storage. It is addressed by the program counter. The 
reset start address is 000H. Figure 2 shows the pro- 
gram memory map. 

General Purpose Registers 

Two registers, H (2-bit) and L (4-bit) are provided as 
general purpose registers. Each register can be in- 
dividually manipulated. The two registers also form 
pair register HL; H being the high register and L be- 
ing the low one. The HL register is a data pointer to 
address data memory. Figure 3 shows the configura- 
tion of the general purpose registers. 

The L register also specifies an I/O port or mode 
register when an I/O instruction (IPL or OPL) is ex- 
ecuted. It also specifies the bits of a port when the 
SPBL or PiPBL instruction is executed. 

Figure 2. Program Memory Map 
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Figure 3. Configuration of General 
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Data Memory 

The data memory is static RAM with a capacity of 64 
words by 4 bits. Part of this memory is used as the 
stack area. The data memory is also used in 8-bit data 
processing when paired with the accumulator. Figure 
4 shows the data memory map. 



Figure 4. 


Data Memory Map 
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64 words x 4 bits 






(63) 3FH 




83-002594A 







Data memory can be addressed directly, with the im- 
mediate data from an instruction; indirectly, with the 
contents of HL (including autoincrement and 
autodecrement); and indirectly by the contents of the 
stack pointer. 

You may use any area of the data memory as the 
stack. The boundary of the stack is determined by 
how the TAMSP instruction initializes the stack 
pointer. Once the boundary is set, a call or return in- 
struction automatically accesses the stack. 

When a call instruction is executed, the contents of 
the program counter and the program status word 
(PSW) are stored to the stack in the sequence shown 
in figure 5. 



Figure 5. Call Instruction Storage to Stack 


SP-4 
SP-3 
SP-2 
SP-1 


Stack Area 
3 
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When a return instruction is executed, the contents 
of the program counter are automatically restored, 
but the PSW is not. The contents of data memory can 
be retained with a low supply voltage during STOP 
mode. 

Accumulator 

The accumulator is a 4-bit register used in arithmetic 
operations. The accumulator can process 8-bit data 
with paired data addressed by HL Figure 6 shows the 
configuration of the accumulator. 

Figure 6. Configuration of the Accumulator 
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Arithmetic Logic Unit 

The arithmetic logic unit (ALU) is a 4-bit arithmetic cir- 
cuit that performs operations such as binary addition, 
logical operation, increment, decrement, comparison, 
and bit processing. 



Program Status Word 

The program status word (PSW) consists of two skip 
flags (SKO and SK1), a carry flag (C), and bit 1, which 
is always zero. Figure 7 shows the configuration of 
the PSW. 



Figure 7. 



Configuration of the Program 
Status Word 
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C 













The contents of the PSW are stored to the stack when 
a call instruction is executed, but are not restored 
from the stack by the return instruction. 

The skip flags retain the following skip conditions: 
string effect by LAI or LHLI instruction, and skip con- 
dition satisfied by an instruction other than a string- 
effect instruction. The skip flag is set or reset in ac- 
cordance with the instruction executed. 

The carry flag is set to 1 if an addition instruction 
(ACSC) generates a carry from bit 3 of the ALU. If no 
carry is generated, the flag is reset to zero. The SC 
instruction sets the carry flag and the RC instruction 
resets it. 

When a RESET is input, the SK1 and SKO flags are 
cleared to zero and the contents of the carry flag are 
undefined. 



E 
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System Clock Generator 

The system clock generator consists of a ceramic 
oscillator, a 1/2 frequency divider, standby modes 
(STOP/HALT), and control circuit. Figure 8 is a circuit 
diagram of the system clock generator. 

In the liPD7554, the RG oscillator operates with a 
single external resistor connected across CL1 and 
CL2 (the capacitor C is incorporated). When the RC 
oscillator is not used, external clock pulses can be 
input via the CL1 pin. In this case, the RC oscillator 
functions as an inverting buffer. The output from the 
RC oscillator serves as the system clock (CL) which 
is then divided by two and used as the CPU clock (<(>). 

The standby mode control circuit is made up of a 
STOP flip-flop and a HALT flip-flop. The STOP instruc- 
tion sets the STOP flip-flop and stops the system 
clock supply. This flip-flop also stops the RC 



oscillator. The STOP flip-flop is reset by the standby 
release signal that becomes active when one of the 
test requests flags is set or at the falling edge of the 
RESET signal. When the STOP flip-flop is reset, the 
RC oscillator resumes operation and supplies the 
system clock. 

The HALT & STOP instruction & RESET HIGH sets the 
HALT flip-flop which disables signals from going to 
the 1/2 frequency divider that generates the GPU 
clock. Only the CPU clock stops in HALT mode. The 
HALT flip-flop is reset by the same conditions as the 
STOP flip-flop. 

Figure 9 shows the system clock generator circuit for 
the M PD7564. 



Figure 8. System Clock Generator for /jPD7554 




Stop 
'Osc 



RC 
Oscillator 



<Ml 



1<3£: 



HALT* 
RESET (High) 

Standby Release 
RESET ( — >_) 



bo * 



-*- <t> (to CPU) 



-*■ CL (System Clock) 



'Execution of Instruction 



Figure 9. System Clock Generator for /xPD7564 



Stop 
"Osc 



Ceramic 
Oscillator 



-04 



<H 



^^ 



HALT* 
RESET (High) 

- Standby Release 

RESET -<L_ 

RESET _/— 



bD- 



-»• (To CPU) 



CL (System Clock) 



'Execution of Instruction 



3-284 



NEC 



/iPD7554/64 



On the pjPD7564, the ceramic oscillator operates with 
a ceramic resonator connected across CL1 and CL2. 
The output from the ceramic oscillator is used as the 
system clock (CL); it is divided by two to produce the 
CPU clock (if). 

The standby mode control circuit is made up of a 
STOP flip-flop and a HALT flip-flop. The STOP instruc- 
tion sets the STOP flip-flop and stops the ceramic 
oscillation, thus stopping the supply for all clocks. 
The STOP flip-flop is reset by the RESET signal (high 
level) and restarts ceramic oscillation. The supply of 
each clock resumes when RESET goes low. 

The HALT instruction sets the HALT flip-fiop which 
disables signals from going to the 1/2 frequency 
divider that generates the CPU clock. Only the CPU 
clock stops in HALT mode. The HALT flip-flop is reset 
by the HALT RELEASE signal (activated by setting at 
least one test request flag) or the falling edge of 
RESET, resuming supply of the CPU clock. 

The HALT flip-flop is also set when RESET is active 
(high level). At power on reset operation, the rising 
edge of RESET starts ceramic oscillation; however, 
some time is required to achieve stable oscillation. 
To prevent the unstable clock from operating the CPU, 
the HALT flip-flop is set and the CPU clock is stop- 
ped while RESET is high. Accordingly, the high-level 
width of RESET must be more than the required stable 
time for the ceramic resonator. 

Figure 10. Clock Control Circuit 
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Clock Control Circuit 

The clock control circuit consists of a 2-bit clock 
mode register (bits CM1 and CM2), prescalers 1, 2, and 
3, and a multiplexer. It takes the output of the system 
clock generator (CL) and event pulses (POo). It also 
selects the clock source and prescaler according to 
the setting in the clock mode register and supplies 
the timer/event counter with count pulses. Figure 10 
shows the clock control circuit. 

Table 2 lists the codes set in the clock mode register 
by the OPL instruction to specify the count pulse 
frequency. 

When you set the clock mode register with the OPL 
instruction, clear bit of the accumulator (correspon- 
ding to bit CMO of the EVAKIT-7500 or M PD7500H dur- 
ing emulation). 

Timer/Event Counter 

The timer/event counter is a binary 8-bit up-counter 
which is incremented each time a count pulse is in- 
put. The TIMER instruction or a RESET signal clears 
it to 00H. When an overflow occurs, the counter Is 
reset from FFH to 00H. Figure 11 shows the inputs 
and outputs of the counter. 



E 
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Serial Interface 

The serial interface consists of an 8-bit shift register, 
a 3-bit shift mode register, and a 3-bit counter. This 
interface inputs and outputs serial data. Figure 12 is 
a block diagram of the interface. 

Test Control Circuit 

The J/PD7564 has three test sources, as shown in table 
3. 

The test control circuit consists of two test request 
flags (INT T RQF and INTO/S RQF) set by the three test 
sources, and a test request flag control circuit that 
checks the contents of each test request flag by ex- 
ecuting an SKI instruction and resetting the flags. 

Test sources INTO and INTS share the request flag 
INTO/S RQF. Bit 3 of the shift mode register (SM 3 ) 
determines which source is selected. A zero in SM3 
selects INTS and a one selects INTO. 



Table 3. 


jsPD7564 Test Sources 




Source 


Function Location 


Request Flag 


INTT 


Overflow in timer/ event internal 
counter 


INTT RQF 


INTO 


Test request signal from external 
POq pin 


INTO/S RQF 


INTS 


Transfer complete signal internal 
from serial interface 


INTO/S RQF 



The request flag INTT RQF is set when a timer 
overflow occurs in the timer event counter. The SKI 
or TIMER instruction resets it. 

When SM3 is zero, request flag INTO/S RQF is set 
when the INTS signal is generated, indicating the end 
of an 8-bit serial data transfer. The SKI or SIO instruc- 
tion resets the flag. 

When SM3 is one, request flag INTO/S RQF is set at 
the rising edge of the signal input to the POrj/INTO pin. 
The SKI instruction resets the flag. 

The logical sum of the outputs from the test request 
flags releases standby mode (STOP* or HALT mode). 
The mode is released when one or both flags are set. 
Both flags and SM3 are reset when the RESET signal 
is input. After reset, source INTS is selected and 
signal input to the INTO pin is inhibited as the initial 
condition. 

Figure 13 is a block diagram of the test control circuit. 

*only f*PD7554 



Figure 12. Serial Interface Block Diagram 
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(1) t Is the internal clock signal (i.e., system clock). 

(2) * Instruction execution 

(3) SM3 and INTO are Input to the test control circuit. 
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Figure 13. Test Control Circuit Block Diagram 
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Standby Modes 

The nPD7554/64 has two standby modes to reduce 
power consumption while the program is in the wait 
state. The STOP and HALT instructions set these 
modes. 

When the program enters a standby mode, program 
execution stops and the contents of all registers and 
data memory immediately before the program entered 
standby mode are retained. The timer and serial in- 
terface can operate. 

The RESET signal and STANDBY Release Signal *1 
releases STOP mode. HALT mode is released when 
one or both of the test request flags are set, or when 
the RESET signal is input. The program cannot enter 
a standby mode when a test request is being set, even 
if the STOP or HALT command is executed. 

If there is some uncertainty as to the state of the test 
request flags, execute the SKI instruction to reset 
them so the program can enter standby mode. 

Table 4 compares STOP and HALT modes. The main 
difference is that STOP mode stops the system clock 
and HALT does not. Ceramic oscillation stops during 
STOP mode. The power consumed by the ceramic 
oscillator is the difference between the two modes. 
In STOP mode, data memory can be retained with a 
lower supply voltage. 

*1 standby release signal only for ^PD7554 



Table 4. 


STOP and HALT Modes 






Mode 


CL + POg CPU 


Timer 


Released by 


STOP 


XX OX 


A 


RESET input 


HALT 


OX OX 





INTT RQF 
INTO/S RQF 
RESET input 



Note: 

(1) o: operates x: stops A: will operate depending on clock source 
jiPD7554, if external clock is used STOP instruction will not STOP 
CL. In this case STOP mode acts as HALT mode. 

Power-on Reset Circuit 

Figure 14 shows a circuit example of the power-on 
reset circuit using a resistor and a capacitor. This is 
the simplest reset control circuit. Figure 21 shows the 
circuit with a pull-down resistor internally connected 
to RESET as a mask option. 

/iPD7554/7564 Applications 

Figures 16 and 17 show examples of application cir- 
cuits for the mPD7554/7564. 

Table 5 compares the features of products in this part 
of the 7500 series devices. 
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Figure 14. Power-on Reset Circuit 
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Figure 16. Tape Counter Circuit 
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Figure 17. Remote-controlled Data Reception, Key Input and LED Display. 
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Master 
Microcomputer 



uPD7564 



SCK 
SO 



M PD7508H 

^PD7519H 

etc. 



Amplifier 
HPC1473 



P11o 

SCK (1)^P11i 

S, 

SO 

P113<2) 

RESET 



Po 



P8 
P81 
P8 2 
P83 

P10 
P10i 
P10 2 
PIO3 



(1) CMOS output 

(2) Chip select or transfer request 

(3) Open-drain output 

(4) Input with internal pull-up resistor 



I 



Driver 0<PA80C) 



^©®®®©@®©®®®® 



<y 



<y 



iy 



iy 



<y 



o 



Key Input (4 x 4) 




Absolute Maximum Ratings 

T A = 25°C 



Operating temperature, Topt 




-10°C to +70°C 


Storage temperature, 


T STG 




-65°C to +150°C 


Power supply voltage 


. Vdd 




-0.3 Vto +7.0 V 


Input Voltage VI 


Except Port 10 & 11 


-0.3 Vto V 0D + 0.3 V 




Port 10 & 11 


(1) 

(2) 


-0.3 to V DD + 0.3 V 
-0.3 to + 13 V 


Output Voltage Vrj 


Except Port 8, 10 & 11 


-0.3 to V DD + 0.3 V 




Ports 8, 10, 11 


(D 
(2) 


-0.3 to V DD + 0.3 V 
- 0.3 to +13 V 


Output current high, 


one port Iqh 




-5 mA 


all output ports, total Ioh 




-15 mA 


Output current low 
POi, P0 2 


Iol 




5 mA 


Ports 9, 10, 11 


Iol 




15 mA 


Ports 8, 


Iol 




30 mA 


All ports, total 






100 mA 


Power dissipation, P[ 






480 mW (T A = 70°C) 



Comment: Stresses above those listed in "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

(1) CMOS I/O or N-channel open drain + internal pull up resistor 

(2) N-channel open drain I/O 

Capacitance 

T A = 25°C, V DD = GND = V; f = 1 MHz, 
Unmeasured pins returned to GND 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mill 


Typ 


Max 


Conditions 


Input capacitance 


C| 






15 


PF 


po , po 3 


Output capacitance 


Co 






35 


PF 


Port 8 


I/O capacitance 
I/O capacitance 


Cio 
Cio 






35 

15 


PF 
PF 


Ports 10, 11, 
POl P0 2 



//PD7554/64 



NEC 



DC Characteristics 

^PD7554 only: T A = -10°C to +70°C, V DD = 2.5 V to 3.3 V, GND = V 
fiPD7554/64: T A = -10°C to +70°C, V DD = 2.7 V to 6.0 V, GND = V 





Symbol 


(Vdd = 


2.5-3.3) 7554 only 
Limits 


(Vdd = 


2.7 to 6.0 V) 7554/64 
Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Min 


Typ 


Max 


Conditions 


Input high voltage except CL1 


Vim 


0.8 V DD 


Vdd 


0.7 V DD 




Vdd 


V 




Input high voltage CL1 (2) 


V IH2 


Vqd-0.3 


Vdd 


Vqd-0.5 




Vdd 


V 




Input high voltage ports 10, 11 


V IH3 


0.8 V DD 


12(1) 


0.7 V DD 




12(1) 


V 




Input high voltage RESET 


V IHDR 


0-9 V DDDR 


Vdddr 
+0.2 


0-9 V DDDR 




Vdddr 
+0.2 


V 


Data retention mode 


Input low voltage except CL1 


V|L1 





0.2 v DD 







0.3 v DD 


V 


Includes CLI for 7564 


Input low voltage CL1 (2) 


V)L2 





0.3 







0.5 


V 




Input leakage current 
except CL1 


"U1 
lLI1 


-3 


3 


-3 




3 


,iA 


V <, V, <, V DD 
Includes CLI for 7564 


Input leakage current CL1 (2) 


>LI2 


-10 


10 


-10 




10 


^A 


V <, V, <, V DD 


Input leakage current 
ports 10, 11 


'U3 




10(1) 






10(1) 


MA 


V| = 12 V 


Output voltage high P0-|, P0 2 , 
ports 8-11 


V H 


Vdd-1.0 










V 


Ioh = -80 /*A 


Output voltage high PO^ P0 2 , 
ports 8-11 


VOH 






Vdd-2.0 






V 


V DD = 4.5 V to 
6.0 V, Ioh = 1 mA 


Output voltage high POi , P0 2 , 
ports 8-11 


VOH 






Vdd-1.0 






V 


v DD = 2.7 v 
Ioh = -100 nA 


Output voltage low PO^ PO2, 
ports 10, 11 


Vol 




0.5 








V 


Iol = 350 piA 


Output voltage low P0-| , P0 2 
Output voltage low PO-| , P0 2 


Vol 
v ol 










0.4 
0.5 


V 
V 


V DD = 4.5 V to 
6.0 V, Iol = 1.6 mA 

lOL = 400 nA 


Output voltage low 
ports 10, 11 


Vol 










0.4 


V 


V DD = 4.5 V to 
6.0 V, Iql = 1.6 mA 


Output voltage low 
ports 10, 11 


Vol 










2.0 


V 


V D d = 4.5 v to 
6.0 V, Iol = 10 mA 


Output voltage low 
ports 10, 11 


Vol 










0.5 


V 


v DD = 2.7 v, 
Iol = 400 jiA 


Output voltage low port 8 


Vol 




0.5 








V 


Iol = 500 nA 


Output voltage low 
porta 


Vol 










2.0 


V 


V DD = 4.5 V to 
6.0 V, Iql = 15 mA 


Output voltage low 
port 8 


Vol 










0.5 


V 


v DD = 2.7 v 
Iol = 600 jiA 


Output leakage current 


'L01 


-3 


3 


-3 




3 


MA 


v <, vo <, v DD 


Output leakage current 
ports 8-11 


>L02 




10(1) 






10 (1) 


ha 


v = 12 V 


Supply voltage, 
data retention mode 


Vdddr 


2.0 




2.0 






V 




Supply current, 
normal operation 


'DD1 




55 180 








^a 


V DD = 3 V ± 0.3 V 
R = 150 kQ ± 2% 


R oscillation 


•ddi 




40 150 








ma 


V DD = 2.5 V 

R = 150 kfi ± 2% 


Supply current, normal 
operation, ceramic oscillation 


■ddi 








650 


2200 


^A 


V DD = 5 V + 0.5 V 
f CC = 700 kHz 


Supply current, normal 
operation, ceramic oscillation 


•ddi 








120 


360 


ma 


V DD = 3 V + 10% 

fee = 300 kHz 
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DC Characteristics (cont) 

^<PD7554 only: T A = -10°C to +70°C, V DD = 2.5 V to 3.3 V, GND = V 
HPD7554/64: T A = -10°C to +70°C, V DD = 2.7 V to 6.0 V, GND = V 





Symbol 


(V DD = 2.5-3.3) 7554 only 
Limits 


(V DD = 2.7 to 6.0 V) 7554/64 
Limits 


Unit 


Test 


Parameter 


Mln lyp Max 


Min lyp 


Max 


Conditions 


Supply current, normal 
operation, R oscillation 


>DD1 




270 


900 


MA 


V DD = 5 V ± 0.5 V 
R = 56 kfi = 2% 


Supply current, normal 
operation, R oscillation 


'DD1 




80 


240 


ma 


V DD = 3 V ± 10% 
R = 100 kfi ± 2% 



Supply current, 
HALT mode, R osc. 



>DD2 



25 



180 



HA V DD = 3 V ± 0.3 V 
R = 150 kfi ± 2% 





'DD2 




18 


60 








yk 


V DD = 2.5 V 

R = 150 kfi ± 2% 


Supply current, HALT mode, 
ceramic osc. 


'DD2 










450 


1500 


MA 


V DD = 5 V ± 0.5 V 
fee = 700 kHz 


Supply current, HALT mode, 
ceramic osc. 


>DD2 










65 


200 


^a 


V DD = 3.0 V ± 10% 
f C c = 300 kHz 


Supply current, 
HALT mode, R osc. 


<DD2 










120 


400 


M 


V DD = 5 V + 0.5 V 
R = 56 kfi ± 2% 


Supply current, 
HALT mode, R osc. 


'DD2 










35 


110 


t* 


V DD = 3 V ± 10% 
R = 100 kfi ± 2% 


Supply current, STOP mode 


>DD3 




0.1 


5 








yA 




Supply current, STOP mode 


>DD3 










0.1 


10 


/iA 


V DD = 5 V ± 0.5 V 


Supply current, STOP mode 


'DD3 










0.1 


5 


*A 


V DD = 3 V ± 10% 


Supply current, data 
retention mode 


■dddr 




0.1 


5 




0.1 


5 


■1* 


Vdddr = 2.0 V 


Pull-up/down resistance, 
Port 0, RESET 


RP1 


23.5 


47 


70.5 


23.5 


47 


70.5 


kfi 




Pull-up resistance 
Ports 8-11 


RP2 


7.5 


15 


22.5 


7.5 


15 


22.5 


kfi 






Note: 

(1) N-channel open drain I/O ports. 

(2) *<PD7554 only 

AC Characteristics 

,*PD7554 only: T A = -10°C to +70°C, V DD = 2.5 V to 3.3 V, GND = V 
p<PD7554/64: T A = -10°C to +70°C, V DD = 2.7 V to 6.0 V, GND = V 





Symbol 


(V D0 = 2.5-3.3) 7554 only 
Limits 


(V DD = 2.7 to 6.0 V) 7554/64 
Limits 


Unit 


Test 


Parameter 


Min lyp Max 


Min Typ Max 


Conditions 


System clock osc. frequency (1) 


fee 


140 180 220 




kHz 


R = 150 kfi ± 2% 



System clock osc. frequency (1) fee 



System clock osc. frequency (1) fee 



400 500 600 kHz V DD = 4.5 V to 

6.0 V; R = 56 
kfi ± 2% 

200 350 300 kHz V DD = 3 V ± 10%; R 

= 100 kfi ± 2% 



System clock osc. frequency, 
CL1, CL2 


fee 


140 


175 


240 






kHz 


V DD = 2.5 V R = 150 
kfi ± 2%; 50% duty 


External clock frequency, CL1 


fc 


10 




250 






kHz 




External clock frequency, CL1 


fc 








10 


710 


kHz 


V D d = 4.5 V to 6.0 V; 
50% duty 


External clock frequency, CL1 


fc 








10 


350 


kHz 


V DD = 2.7 V; 50% 
duty 
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AC Characteristics (cont) 

MPD7554 only: T A = -10°C to +70°C, V DD = 2.5 V to 3.3 V, GND = V 
HPD7554/64: T A = -10°C to +70°C, V DD = 2.7 V to 6.0 V, GND = V 



(Vno = 2.5-3.3) 7554 only 
Limits 



(V DD a 2.7 to 6.0 V) 7554/64 
Limits 



Parameter 



Symbol 



Mln 



lYP 



Max 



Mln 



TVP 



Max 



Unit 



Test 
Conditions 



System clock osc. 
frequency (2) 



f cc 


290 


700 


710 


kHz 


Vrjrj = 4.5 to 6.0 V 




290 


500 


510 


kHz 


V DD = 4.0 to 6.0 V 




290 


400 


410 


kHz 


V DD = 3.5 to 6.0 V 







290 300 310 






kHz 


V DD = 2.7 to 6.0 V 


Oscillation stabilization 
time (2) 


tos 


20 








fS 


V DD = 2.7 to 6.0 V 


System clock rise time, CL1 


l CR 




200 




200 


ns 




System clock fall time, CL1 


tCF 




200 




200 


ns 




System clock pulse width 


l CH 


2 


50 






MS 




System clock pulse width 


*CH 






0.7 


50 


US 




System clock pulse width 


tCL 


2 


50 










System clock pulse width, CL1 


tCL 






1.45 


50 


(IS 


V DD = 2.7 V 


External clock frequency (POo) 


f P00 





250 






kHz 


50% duty 


External clock frequency (POo) 


f P00 









710 


kHz 


V DD = 4.5 V to 6.0 V; 
50% duty 


External clock frequency (POo) 


f P00 









350 


kHz 


V DD = 2.7 V 50% 
duty 


POo rise time 


Woo 




200 




200 


ns 




POn fall time 


tCFPO 




200 




200 


ns 




POo pulse width 


IPOOH 


2 








MS 




POo pulse width 


tP00H 






0.7 




MS 


V DD = 4.5 V to 6.0 V 


POo pulse width 


tpOOL 


2 








MS 




POo pulse width 


tpOOL 






1.45 




MS 


V DD = 2.7 V 


INTO high time 


l IOH 


30 




10 




MS 




INTO low time 


t|0L 


30 




10 




MS 




RESET high time 


l RSH 


30 




10 




MS 




RESET low time 


l RSL 


30 




10 




MS 




RESET setup time 


tSRS 












MS 




RESET hold time 


l HRS 












MS 




SCK cycle time 


l KCY 


8.0 








MS 


Input 


SCK cycle time 


*KCY 


10.0 








MS 


Output 


SCK cycle time 


*KCY 






2.0 




MS 


Input; V DD = 4.5 V 
to 6.0 V 


SCK cycle time 


l KCY 






2.5 




MS 


Output; V DD = 4.5 V 
to 6.0 V 


SCK cycle time 


*KCY 






5.0 




MS 


Input; V DD = 2.7 V 


SCK cycle time 


*KCY 






5.7 




MS 


Output; V DD = 2.7 V 


SCK pulse width 


*KH 


4.0 








MS 


Input 


SCK pulse width 


tKH 






10 




MS 


Input; V DD = 4.5 V 
to 6.0 V 


SCK pulse width 


tKH 






1.25 




MS 


Output; V DD = 4.5 V 
to 6.0 V 


SCK pulse width 


tKL 


5.0 








MS 


Output 


SCK pulse width 


tKL 






2.5 




MS 


Input; V DD = 2.7 V 
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AC Characteristics (cont) 

MPD7554 only: T A = -10°C to +70°C, V DD = 2.5 V to 3.3 V, GND = V 
HPD7554/64: T A = -10°C to +70°C, V D d= 2.7 V to 6.0 V, GND = V 





Symbol 


(»DD = 


: 2.5-3.3) 7554 only 
Limits 


(Vdd = 


2.7 to 6.0 V) 7554/64 
Limits 


Unit 


lest 


Parameter 


Min 


lyp Max 


Min 


lyp Max 


Conditions 


SCK pulse width 


tKL 






2.85 




ps 


Output; Vqd = 2.7 V 


SI setup time to SCKt 


*SIK 


0.3 




0.1 




MS 




SI hold time after SCKt 


*KSI 


0.3 




0.1 




MS 




SO output delay time 
after SCKt 


l KS0 




2.0 






MS 


CrjUT = 10 ° P F max - 


SO output delay time 
after SCKt 


l KS0 








0.85 


MS 


V DD = 4.5 V to 6.0 V; 
CrjUT = 10 ° P F ma *- 


SO output delay time 
after SCKt 


- tKSO 








1.2 


MS 


V DD = 2.7 V; 
CrjUT = 10 ° P F max - 



(1) /uPD7554 only 

(2) M PD7564 only 
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SEC 



Timing Waveforms 

Clocks 



X -/ \ 



-V,H 

-Viu 



PO - 



-1/POo- 



-tpOOR" 



\ / \ 



- V| H 

- V| L 



External Interrupt 



Reset 





* <IOL ► 


■• *IOH » 




-V| H 
- V|L 

83-002610A 




*5 


r 


f \ 


\ 












Data Retention Mode /jPD7554 



(iPD7554 



Vdd 




-Data Retention Mode- 



-*OFF— tON — ► 




Operating 
Mode 



d) V IH | 

(2) Vdpdr 

(3) VlHDR 
(4)V| L , 



Data Retention Mode ftPD7564 



M PD7564 



HALT Mode Operating 

*" "" Mode 



•-Data Retention Mode-* 



". 



Serial Interface 



«-tsiK -'« *KSI— - 

— ^ Input Data > 



X 



Output Data 



x: 
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M PD7556/66 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

WITH COMPARATOR 



Description 

The /nPD7556 and ^PD7566 are low-end versions of 
HPD7500 series products. These microcomputers incor- 
porate a 4-bit comparator input and are useful as slave 
CPUs to high-end juPD7500 series or 8-bit juCOM-87 
series products. 

ThepjPD7556/66 has output ports that can directly drive 
triacs and LEDs. Also, various mask-optional I/O cir- 
cuits can be configured for a wide selection of outputs 
allowing a reduction of external circuitry in your design. 
There are two testable interrupts. 

The /iPD7556 and ^PD7566 differ only in their clock cir- 
cuitry. The^PD7556 uses an external resistor with an in- 
ternal capacitor for an RC oscillator clock, where the 
/iPD7566 uses a ceramic oscillator as a clock. These mi- 
crocomputers are ideally suited to control devices such 
as air conditioners, microwave ovens, refrigerators, rice 
cookers, and audio equipment. 

Features 



45 instructions (subset of jl<PD7500 set B) 
Instruction cycle: 

— External clock: 2.86 M s/ 700 kHz, 5 V 

— RC oscillator (hPD7556): 4 M s/500kHz,5V 

— Ceramic oscillator (/^PD7566): 3^s/660 kHz, 5 V 
Program memory (ROM) of 1024 x 8 bits 

Data memory (RAM) of 64 x 4 bits 
8-bit timer/ event counter 
I/O lines: 
— MPD7556.-20 
— juPD7566:19 

Data memory retention at low supply voltage 
Standby (STOP/ HALT) functions 
CMOS technology 
Low power consumption 
Single power supply (2.5 V to 6.0 V /nPD7556) 
(2.7Vto6.0VjuPD7566) 



Pin Configuration 




















POo/INTO C 




24 3 GND 


P0,/Vr E f C 


2 




23 3 P9i 




PVCINo C 


3 




22 3 P9 




PVCIN1 C 


4 




21 3 PII3 




PI2/CIN2 C 


5 


S 


20 3 P11 2 




PI3/CIN3 C 


6 


S 


19 3 P11i 




P80 C 


7 


a 


18 3 P11 




P8! C 


8 




17 3 PIO3 




P82 C 


9 




16 3 P10 2 




P83/CL2 C 


10 




15 3 P«>i 




CL1 C 


11 




14 3 P10o 




v DD c 


12 




13 3 RESET 


83-001994A 













Pin Identification 




No. 


Symbol 


Function 


1,2 


P0 /INT 
POi/Vref 


2-bit input port / testable input pin / 
comparator reference voltage input pin 


3-6 


P1 /CIN 
PI-l/CIN-i 

P1 2 /CIN 2 
PI3/CIN3 


4-bit input port 1/4-bit comparator 
inputs 


7-9, 
10 


P8 -P8 2 , 
P83/CL2 


3-bit output port 8 (7566), 

3- (4-) bit output port 8 / connection for 

RC oscillator (7556) / Ceramic resonator 

(7566) 


11 


CL1 


Connection for ceramic resonator/ RC 
oscillator 


12 


V D D 


+5 V power supply 


13 


RESET 


Reset input pin 


14-17 


PIO-1-PIO3 


4-bit I/O port 10 


18-21 


P110-P113 


4-bit I/O port 11 


22-23 


P9 -P9i 


2-bit output port 9 


24 


GND 


Ground 




Ordering 


Information 




Part Number 




Package Type 


A<PD7556CS 




24-pin plastic shrink DIP 


/yPD7566CS 




24-pin plastic shrink DIP 


//PD7556G 




24-pin plastic SO 


//PD7566G 




24-pin plastic SO 
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Pin Functions 

POo/INTO, POi/Vref 

(Port 0/count clock input/comparator reference 

voltage input) 

2-bit input port 0/count clock input/comparator refer- 
ence voltage input. INTO is an edge-sensitive testable 
input pin that detects a signal at the rising edge. Vref is 
the comparator reference voltage input pin. A mask op- 
tion specifies whether this pin is used as POi or Vref- 
POo/INTO is unused; connect it to ground. If POi /Vref is 
unused, connect it to ground or Vdd- The port is in the 
input state at reset. 

PI0/CIN0-PI3/CIN3 (Port 1/ comparator inputs) 

4-bit input port 1/comparator inputs. A mask option 
specifies whether these pins are used as digital inputs 
(Port 1) or as comparator inputs (CIN0-CIN3). If any of 
P1o _p1 3 P' ns are unused, connect them to ground or 
Vdd- The port is in the input state at reset. 

P80-P82, P83/CL2 (Port 8/clock input 2) 

4-bit output port 8. This port sinks 15 mA and can inter- 
face to 12V. On the mPD7556, the port function of P83/ 
CL2 is specified by mask option. P83 is a normal output 
port on the nPD7556. On the nPD7556, CL2 is one of the 
pins to which a resistor for RC oscillation is connected. 
On the ptPD7566, CL2 is one of the pins to which a ce- 
ramic resonator is connected. If any of P80-P82 pins are 
unused, leave them open. The port is in the high impe- 
dance state at reset. 



CL1 (Clock input 1) 

On the nPD7556, CL1 is one of the two pins to which a 
resistor for RC oscillation is connected. On the 
jiPD7566, CL1 is one of the two pins to which a. ceramic 
resonator is connected. 

Vdd (Power supply) 

Positive power supply. 

RESET(Reset) 

System reset input pin (active high). This pin can be in- 
ternally connected to a pull-down resistor if specified by 
mask option. 

P10o-P103(Port10) 

4-bit I/O port. This port sinks 10 mA and can interface to 
12 V. If any of these pins are unused, connect them to 
ground or Vdd in the input state, or leave open in the 
output state. The port is in the high impedance or high- 
level output state at reset. 

P11o-P1l3(Port11) 

4-bit I/O port. This port sinks 10 mA and can interface to 
12 V. If any of these pins are unused, connect them to 
ground or Vdd ' n tne m P ut state, or leave open in the 
output state. The port is in the high impedance or high- 
level output state at reset. 

P90-P9i(Port9) 

2-bit output port. This port sinks 15 mA and can inter- 
face to 12 V. If either of these pins is unused, leave it 
open. The port is in the high impedance state at reset. 

GND (Ground) 

Ground. 
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Block Diagram 



INTO/POo 



D 



Clock 
Control 



PCflO) 



31 



Program Memory 
1024x8 Bits 



=c> 



Instruction 
Decoder 



CL ♦ 

J_L 



System 

Clock 

Generator 



Standby 
Control 




Test 
Control 



s 



H(2) 



M4) 



SP(6) 



H 



o 



Data Memory 
64x4 Bits 



Kr=l 



PortO 
Buffer 



POo/INTO 
POi'Vref 



Portl 

Buffer/ 

Comparator 



/V 



P10/CIN0-P13/CIN3 



Port 8 
Latch 
Buffer 



P80-P82 



l\ Port9 1\ 

) Latch 2 \ 
l/ Buffer Y 



P9 -P9i 



/I K Port 10 A — \ 

f ) Latch ( 4 >P10rj-P103 

\(— Y Buffer \TV 



O 



Port 11 /l K 

Latch f 4 > PTI -P11 3 
Buffer \| — Y 



Vdd gnd RESET 




Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vqd 


-0.3 V to +7 V 


Input voltage, ports other than 10 & 11, V| 


-0.3VtoV DD +0.3V 


Input voltage, ports 10, 11, V| (1) 


-0.3VtoV DD +0.3V 


Input voltage, ports 10, 11, V| (2) 


-0.3VtoV Drj +13V 


Output voltage, ports other than 8, 10 & 11, Vrj 


-0.3VtoV DD +0.3V 


Output voltage, ports 8, 10, 11, V (1) 


-0.3VtoV DD +0.3V 


Output voltage, ports 8, 10, 11, Vo (2) 


-0.3VtoV DD +13V 


Output current high, one pin, Ioh 


-5mA 


Output current high, all output ports total, Ioh 


-15mA 


Output current low, ports 10, 11, Iol 


15 mA 


Output current low, ports 8, 9, Iol 


30 mA 


Output current low, all ports total, Iol 


100 mA 


Operating temperature, Topt 


-10°Cto+70°C 


Storage temperature, Tgro 


-65°Cto+150°C 


Power dissipation, Po 


480mW(T A =70°C) 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Note: 

(1) CMOS push pull or N-channel open drain + pull up resistor I/O 

(2) N-channel open drain I/O 

Capacitance 

T A = 25 °C, V D d = GND = V, f = 1.0 MHz, Unmeasured pins returned to 
GND 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


1VP 


Max 


Conditions 


Input 
capacitance 


C|N 






15 


PF 


POo-POn 

P10-P13. 
CIN0-CIN3 


Output 
capacitance 


C 0UT 






35 


PF 


Ports 8, 9 


I/O 
capacitance 


C|/0 






35 


PF 


Ports 10, 11 
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DC Characteristics 

M PD7556:T A = -10°Cto +70°C,V DD = +2.5Vto3.3V,GND = 0V 
M PD7556/)iPD7566:T A = -10°Cto +70°C,V DD = +2.7Vto6.0V, GND = OV 



Limits 



T A = 10 o Cto+70 o C, 
V DD =+2.5Vto3.3V 



T A = 10 Cto+7O°C, 
V DD =+2.7Vto6.0V 





Symbol 








f r 






Test 


Parameter 


Mln 


Typ 


Max 


Min 


Typ 


Max 


Unit Conditions 


Input voltage low 


V|L1 







0.2V DD 







0.3V DD 


V Except CL1 




V|.L2 







0.3 







0.5 


V CL1 



Input voltage, high 



Vim 0.8 V DD 



Vdd 



0.7V DD 



V| H2 V DD -0.3 



Vdd 



Vdd-0-5 



V|H3 0.5V DD 



12(1) 



0.7 V DD 



V|HDR 0- 7V DDDR 



VddDR+0-2 0.9V DDDR 



Vdd 



V Except CL1 



Vdd 



CL1 



12(1) 



V Ports 10, 11 



VDDDR+0-2 



RESET; data retention 



Output voltage low 



Vol 



0.5 



0.5 



0.4 



2.0 



0.5 



2.0 



0.5 



Ports 10, 11; 
l0L=350pcA 



Ports 10, 11; 

V DD =4.5Vto6.0V, 

l0L=1-6mA 



V Ports 10, 11; 

V DD =4.5Vto6.0V, 
lrjL=10mA 



Ports 10, 11; 
Vdd=2.7V, 
IOL=400jiA 



Ports 8, 9; 
I l=500hA 



Ports8,9;V DD =4.5V 
to 6.0 V, l L=15mA 



Ports 8, 9; 

V DD =2.7V, 

IOL=600piA 



Output voltage high 



Vqh V dd -1.0 



v DD -2-0 



Vdd-10 



Ports 8-11; 
IOH=-80pcA 



Ports 8-11; 

V DD =4.5Vto6.0V, 

l H=1mA 



Ports 8-11; 

V DD =2.7V, 

I OH =100mA 



Supply voltage, 
data retention mode 



Vdddr 



2.0 



2.0 



Input leakage current 



lm 



-3 



-3 



'LI2 



-10 



pA 



Except CL1; 
0V<V|<V DD 



ytA CL1; 0V<V|<V DD 





>LI3 




10(1) 




10(1) 


nA Ports10,11;V =12V 


Output leakage current 


Jloi 


-3 


3 


-3 


3 


yjK 0V<V <V DD 




<L02 




10(1) 




10(1) 


fiA Ports 8-11; V =12 V 
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DC Characteristics (cont) 

/iPD7556: T A = - 10°C to +70°C, V D d = +2.5 V to 3.3 V, GND = V 
M PD7556/^PD7566: T A = -10°Cto +70°C,V DD = +2.7Vto6.0V,GND = 0V 





Symbol 




Limits 








T A = 10°Cto+70°C, 

V DD =+2.5Vto3.3V 

j*PD7556 




T A = 10°Cto+70°C, 
V DD =+ 2.7 V to 6.0 V 
pPD7566/pPD7556 


Test 


Parameter 


Min Typ Max 




Mln iyp Max 


Unit Conditions 


Supply current, normal 
operation 


>DD1 


55 180 






nA R oscillation; 
V DD =3V±0.3V, 
R=150kQ±2% 



40 


150 






1* 


R oscillation; 
V DD =2.5V, 
R = 150kQ±2% 






650 


2200 


1* 


Ceramic oscillation; 

V DD =5V±0.5V, 

f C c=700kHz 






120 


360 


pA 


Ceramic oscillation; 
V DD =3V±10%, 
f C c =300 kHz 






270 


900 


1* 


R oscillation; 

V DD =5V±0.5V, 

R=56kQ±2% 



80 



240 




nA R oscillation; 
V DD =3V±10%, 
R=100kQ±2% 



Supply current, HALT mode lrjD2 



25 



80 



35 



110 



Note: 

(1) N-channel open-drain I/O ports. 



/^A R oscillation; 
V DD =3V±0.3V, 
R=150kS±2% 



18 


60 






lA 


R oscillation; 
V DD =2.5V, 
R=150kS±2% 






450 


1500 


MA 


Ceramic oscillation; 
V DD =5V±0.5V, 
f C c =700 kHz 






65 


200 


pA 


Ceramic oscillation; 
V DD =3V±10%, 
f C c =300 kHz 






120 


400 


iih 


R oscillation; 

V DD =5V±0.5V, 

R=56kS±2% 



\ik R oscillation; 
V D d=3V±10%, 
R=100kQ±2% 



Supply current, STOP mode 


'DD3 




0.1 


5 








HA 














0.1 


10 


^ 


V DD = 5V±0.5V 












0.1 


5 


pA 


V DD = 3V±10% 


Supply current, 
data retention mode 


'dddr 




0.1 


5 




0.1 


5 


MA 


V DDDR = 2.0V 


Pull-up /down resistance 


RP1 


23.5 


47 


70.5 


23.5 


47 


70.5 


kS 


Port 0, RESET, Port 1 


Pull-up resistance 


RP2 


7.5 


15 


22.5 


7.5 


15 


22.5 


kS 


Ports 8-11 
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Comparator 

T A =-10°Cto +70 o C,V DD = 3.0Vto6.0V,GND = 


= OV 






















Limits 








Unit 










MPD7S56 






M PD7566 


Test 


Parameter 


Symbol 


Min 


Typ 


Max 


Min 


TVP 


Max 


Conditions 


Input voltage range 


Vcin/ 
Vref 







Vdd 







Vdd 


V 


All comparators 


Response time 


T C0MP 


2 




4 


2 




4 


MC(1) All comparators 


Input voltage resolution 


AVcin 






100 






100 


mV 


All comparators 








10 


50 




10 


50 


mV 


All comparators; 
V DD =5V±0.5V 


Input leakage current 


'CIN / 

'REF 


-3 




3 


-3 




3 


y* 


All comparators 


Vref bias resistance (R1, R2) 


BIAS 




100 






100 




kQ 


(R1 = R2) typically 


Comparator circuit current 


'ddcmp 




50 






50 




MA 


Comparator; 
V DD =5V±0.5V 



Note: 

(1) Machine cycle. 



AC Characteristics 

^iPD7556:T A = -10°Cto +70°C,V DD = +2.5Vto3.3V,GND = 0V 
,iPD7556/(iPD7566:T A = -10°Cto +70°C,V DD = +2.7Vto6.0V,GND = 0V 



Limits 



T A = 10°Cto+70 C, 

V DD =+2.5Vto3.3V 

M PD7556 



T A = 1O°CtO+70°C, 
V DD =+2.7Vto6.0V 
tiPD7566f M PD7556 



Parameter 



Symbol 



Min 



Typ 



Max 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock oscillator 
frequency 



f CC 



140 


180 


220 








kHz R = 150kQ±2% 








400 


500 


600 


kHz V DD =4.5Vto6.0V; 
R = 56kS±2% 








200 


250 


300 


kHz V DD =3V±10%, 
R = 100kQ±2% 



140 



175 



210 



kHz CL1, CL2; 
V DD =2.5V; 
R=150kS±2% 



External clock frequency 



250 



710 



System clock pulse width, 
high 



tCH 



50 



0.7 



50 



fee 



290 



700 



710 



290 



500 



510 



290 



400 



410 



290 



300 



310 



kHz CL1; 50% duty 



kHz CL1;V DD =4.5Vto 
6.0 V; 50% duty 











10 


350 


kHz CL1;V DD =2.7V; 
50% duty 


System clock rise time 


tCR 




200 




200 


ns CL1 


System clock fall time 


tCF 




200 




200 


ns CL1 


System clock pulse width, 


tCL 


2 


50 






txs ■ 


low 






1.45 


50 


^ CL1;V DD =2.7V 



MS 



US CL1;V DD =4.5Vto 
6.0V 



kHz V DD =4.5to6.0V 



kHz V DD = 4.0to6.0V 



kHz V DD =3.5to6.0V 



kHz V DD = 2.7to6.0V 
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AC Characteristics (cont) 

MPD7556:T A = -10°Cto +70°C,V DD = +2.5Vto3.3V,GND = 0V 
nPD7556/^PD7566: T A = - 10°C to +70°C, V DD = +2.7 V to 6.0 V, GND 



= 0V 



Limits 



T A = 10 o Cto+70°C, 
V DD =+2.5Vto3.3V 



T A = 10°Cto+70°C, 
V DD =+2.7Vto6.0V 





Symbol 








P r 






Unit 


Test 


Parameter 


Min 


Typ 


Max 


Mln 


TVP 


Max 


Conditions 


Oscillator setup 


l 0S 


20 












liS 


Oscillator stabilization 
time after Vqd= 4.5 V 



External clock frequency 
(POo) 



f P00 



250 



710 



kHz 50% duty 



kHz V DD =4.5Vto6.0V; 
50% duty 














350 


kHz 


V DD =2.7V;50%duty 


POo rise time 


trjRPO 




200 




200 


ns 




P0 fall time 


trjFPO 




200 




200 


ns 




P0q pulse width, low 


tpoOL 


2 








US 










1.45 




MS 


V DD = 2.7V 


POo pulse width, high 


tpOOH 


2 








fiS 










0.7 




us 


V DD =4.5Vto6.0V 


INTO low time 


t|0L 


30 




1 ° 




us 




INTO high time 


t|0H 


30 




10 




jiS 




RESET low time 


l RSL 


30 




10 




fiS 




RESET high time 


l RSH 


30 




10 




us 




RESET setup time 


tSRS 












us 




RESET hold time 


l HRS 












us 






Timing Waveforms 

Clocks 



\ / \ 



PO ' 



-1/poq- 



-tpOOR" 



\ / \ 



Data Retention Mode—nPD7566 



- V(H 
— V,L 



~ V, H 
- V| L 



V D D- 



«-Data Retention Mode* 



HALT Mode Operating 

Mode 



-tsRS- 



/">«_ 



External Interrupt 




Reset 




Data Retention Mode — \jlPD7556 



HPD7554 I 




-Data Retention Mode- 



■« — tQFF — tON — ► 




Operating 
Mode 



(D Vihi 

(2) VDDDR 

(3) VlHDR 

(4) V, L | 
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Pin Mask Options 

Table 1 shows the mask options for all the port pins and 
the RESET pin. You may select these options in bit 
units. 

Tablet Pin Mask Options 



Figure 2. Type 2 Schmitt-triggered Input: 
PI0-PI3/CIN0-CIN3 



Pin 



Options 



P0 



1 No connection to internal resistor 

2 Connected to internal pull-up resistor 

3 Connected to internal pull-down resistor 



P0i/V REF 



P1 /CIN - 
PI3/CIN3 



P80-P82 
P9 -P9i 



1 No connection to internal resistor 

2 Connected to internal pull-up resistor 

3 Connected to internal pull-down resistor 

4 Used as Vref pin 

1 A bias of Vqd / 2 internally applied to Vref P' n 

2 Bias not applied 

1 No connection to internal resistor 

2 Connected to internal pull-up resistor 

3 Connected to internal pull-down resistor 

4 Used as comparator input pins 

1 CMOS (push-pull) output 

2 N-channel open-drain output 



) — va — 1 



Mask Option 




JT 



i 




-0--9 Mask Option 



Figure 3. Type 3 Input Cell: POil Vref 



P83-CL2 (7556) 

option one 

P83-CL2 (7556) 

option two 



1 UsedasP83 

2 Used as CL2 

1 CMOS push-pull 

2 N-channel open-drain 



PIO0-PIO3 
PH0-PH3 



RESET 



1 N-channel open-drain input /output 

2 CMOS (push-pull) input /output 

3 N-channel open-drain input /output with internal 
pull-up resistor 

1 Connected to internal pull-down resistor 

2 Not connected to internal pull-down resistor 



VDD 



— Wv — | 

MaskOptionO 




i 




n 



Reference 
Voltage 



Figure 4. Type 4 Output Cell: P80-P83, 
P9 Q -PSi 



I/O Pin Configurations 

Figure 1. Type 1 1nput Cell (part of Type 2) 



' Mask Option 




JT 



i 



Vdd 



A 



rt3HE= 



Output 
Disable " 



P-ch 



/ Mask Option 
— oOut 



(Middle-Level Voltage, 
' High Current) 
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Figure 5. Type 5 I/O Cell: P10a-P10 3 , 
P110-P113 



Figure 7. Program Memory Map 



Vdd 



foe* 



A 






1 Mask Option 



Output I J ^ o- 

Disable 



■<■ 



(Middle-Level Voltage, 
Middle-Level Current) 



Middle-Level Voltage Input Buffer 



Figure 6. Type 6 Schmitt-triggered Input: 
POq/INTO 



— <<^ 






1 


^s 


/ 

/ Mask Option 






i 
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Program Memory 

The^PD7556/66 has a mask-programmable ROM with a 
capacity of 1024 words by 8 bits for program storage or 
table data. It is addressed by the program counter. The 
reset start address is 000H. Figure 7 shows the program 
memory map. 

General Purpose Registers 

Two registers, H (2-bit) and L (4-bit), are provided as 
general purpose registers. Each register can be 
individually manipulated. The two registers also form 
pair register HL; H being the high register and L being 
the low one. The HL register is a data pointer to address 
data memory. Figure 8 shows the configuration of the 
general purpose registers. 

The L register also specifies an I/O port or mode 
register when an I/O instruction (IPL or OPL) is 
executed. It also specifies the bits of a port when the 
SPBL or RPBL instruction is executed. 









(0) O0OH 
(1023) 3FFH 


RESET Start 










83-002592A 



Figure 8. Configuration of General Purpose 
Registers 



Li 




I 


3 







83-002593A 


I 


L 















Data Memory 

The data memory is static RAM with a capacity of 64 
words by 4 bits. Part of this memory is used as the stack 
area. The data memory is also used in 8-bit data 
processing when paired with the accumulator. Figure 9 
shows the data memory map. 

Data memory can be addressed directly, with the 
immediate data from an instruction; indirectly, with the 
contents of HL (including autoincrement and 
autodecrement); and indirectly by the contents of the 
stack pointer. 

You may use any area of the data memory as the stack. 
The boundary of the stack is determined by how the 
TAMSP instruction initializes the stack pointer. Once 
the boundary is set, a call or return instruction 
automatically accesses the stack. 

When a call instruction is executed, the contents of the 
program counter and the program status word (PSW) 
are stored to the stack in the sequence shown in figure 
10. 

When a return instruction is executed, the contents of 
the program counterare automatically restored, but the 
PSW is not. The contents of data memory can be 
retained with a low supply voltage during STOP mode. 

Accumulator 

The accumulator is a 4-bit register used in arithmetic 
operations. The accumulator can process 8-bit data 
when paired with the data memory addressed by HL. 
Figure 11 shows the configuration of the accumulator. 



E 
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Figure 9. 


Data Memory Map 












(0) 00H 








64 words x 4 bits 






(63) 3FH 




83-002594A 







Figure 10. Call Instruction Storage to Stack 



SP-4 
SP-3 
SP-2 
SP-1 


3 


Stack Area 





•Bit 1 of PSW 
is always 0. 


83-002595A 








PC 9 


PCs 


PSW* 


PC3-PC0 


PC7PC4 





Figure 11. Configuration of the Accumulator 











A3 


A 2 


A, 


A 


A 
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Arithmetic Logic Unit 

The arithmetic logic unit (ALU) is a 4-bit arithmetic 
circuit that performs operations such as binary 
addition, logical operation, increment, decrement, 
comparison, and bit processing. 

Program Status Word 

The program status word (PSW) consists of two skip 
flags (SKO and SK1), a carry flag (C), and bit 1, which is 
always zero. Figure 12 shows the configuration of the 
PSW. 

The contents of the PSW are stored to the stack when a 
call instruction is executed, but are not restored from 
the stack by the return instruction. 

The skip flags retain the following skip conditions: 
string effect by LAI or LHLI instruction, and skip 
condition satisfied by an instruction other than a 
string-effect instruction. The skip flag is set or reset in 
accordance with the instruction executed. 

The carry flag is set to 1 if an addition instruction (ACSC) 
generates a carry from bit 3 of the ALU. If no carry is 
generated, the flag is reset to zero. The SC instruction 
sets the carry flag and the RC instruction resets it. 



3-304 



When a RESET is input, the SK1 and SKO flags are 
cleared to zero and the contents of the carry flag are 
undefined. 

Figure 12. Configuration of the Program Status Word 





3 


2 


1 





PSW 
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SKi 


SKo 





C 













System Clock Generator 

The system clock generator consists of a RC oscillator 
(7556) a ceramic resonator (7566), a V2 frequency divider, 
standby modes (STOP/ HALT), and control circuit. Fig- 
ure 13 is a circuit diagram of the system clock generator 
forthejiPD7556. 

In the )iPD7556, the RC oscillator operates with a single 
external resistor connected across CL1 and CL2 (the 
capacitor C is incorporated). When the RC oscillator is 
not used, external clock pulses can be input via the CL1 
pin. In this case, the RC oscillator functions as an 
inverting buffer. The output from the RC oscillator 
serves as the system clock (CL) which is then divided by 
two and used as the CPU clock (<|>). 

The standby mode control circuit is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP instruction sets 
the STOP flip-flop and stops the system clock supply. 
This flip-flop also stops the RC oscillator. The STOP 
flip-flop is reset by the standby release signal that 
becomes active when one of the test request flags is set 
or at the falling edge of the RESET signal. When the 
STOP flip-flop is reset, the RC oscillator resumes 
operation and supplies the system clock. 

The HALT instruction sets the HALT flip-flop which 
disables signals from going to the V2 frequency divider 
that generates the CPU clock. Only the CPU clock stops 
in HALT mode. The HALT flip-flop is set or reset by the 
same conditions as the STOP flip-flop. 

Figure 14 shows the system clock generator circuit for 
the M PD7566. 

On the nPD7566, the ceramic oscillator operates with a 
ceramic resonator connected across CL1 and CL2. The 
output from the ceramic oscillator is used as the system 
clock (CL); it is divided by two to produce the CPU clock 
■(♦)• 

The standby mode control circuit is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP instruction sets 
the STOP flip-flop and stops the ceramic oscillation, 
thus stopping the supply for all clocks. The STOP 
flip-flop is reset by the RESET signal (high level) and 
restarts ceramic oscillation. The supply of each clock 
resumes when RESET goes low. 
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Figure 13. System Clock Generator for ptPD 7556 




Stop 
"Osc 



RC 
Oscillator 






HALT* 
RESET (High) 

Standby Release 
RESET (~ >_) 



i=Q- 



-*. k (to CPU) 



-*■ CL (System Clock) 



'Execution of Instruction 



Figure 14. System Clock Generator for \xPD7566 




Stop 
fOsc 



Cta 



<^ 



*!<£=! 



■ HALT* 

- RESET (High) 

- Standby Release 
RESET -\_ 
RESET _T~ 



±Ch 



(To CPU) 



CL (System Clock) 



'Execution of Instruction 



The HALT instruction sets the HALT flip-flop which 
disables signals from going to the V2 frequency divider 
that generates the CPU clock. Only the CPU clock stops 
in HALT mode. The HALT flip-flop is reset by the HALT 
RELEASE signal (activated by setting at least one test 
request flag) or the falling edge of RESET, resuming 
supply of the CPU clock. 

The HALT flip-flop is also set when RESET is active (high 
level). At power-on reset operation, the rising edge of 
RESET starts ceramic oscillation; however, some time 
is required to achieve stable oscillation. To prevent the 
unstable clock from operating the CPU, the HALT 
flip-flop is set and the CPU clock is stopped while 
RESET is high. Accordingly, the high-level width of 
RESET must be more than the required stable time for 
the ceramic resonator. 



Clock Control Circuit 

The clock control circuit consists of a 2-bit clock mode 
register (bits CM1 and CM2), prescalers 1, 2, and 3, and a 
multiplexer. It takes the output of the system clock 
generator (CL) and event pulses (POo). It also selects the 
clock source and prescaler according to the setting in 
the clock mode register and supplies the timer/event 
counter with count pulses. Figure 15 shows the clock 
control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OPL instruction to specify the count pulse 
frequency. 
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Figure 15. Clock Control Circuit 



u 



CM 2 | CMi 



(1/4) 



P0 - 



'Instruction 
Execution 



Prescaler 2 ■ Prescaler ! 
(1/8) -f (1/8) 



ky 



o- 



Table 2. 


Selecting the Count Pulse Frequency 


CM2 


CM1 


Frequency Selected 








CL/256 





1 


P0 


1 





CL/32 


1 1 CL/4 



When you set the clock mode register with the OPL 
instruction, clear bit of the accumulator 
(corresponding to bit CMO of the EVAKIT-7500 or 
/uPD7500H during emulation). 

Timer/ Event Counter 

The timer/event counter is a binary 8-bit up-counter 
which is incremented each time a count pulse is input. 
The TIMER instruction or a RESET signal clears it to 
00H. When an overflow occurs, the counter is reset from 
FFH to 00H. Figure 16 shows the inputs and outputs of 
the counter. 

Figure 16. Timer/Event Counter 
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Test Control Circuit 

The nPD7556/66 has two test sources, as shown in 
table 3. 

Table 3. nPD7556/66 Test Sources 



Source 


Function 


Location 


Request Flag 


I NTT 


Overflow in timer / event counter 


Internal 


I NTT RQF 


INTO 


Test request signal from POg pin 


External 


INTO RQF 



The test control circuit consists of two test request 
flags (INTT RQF and INTO RQF) set by the two test 
sources, the SM3 flag which determines whether INTO 
is enabled, and a test request flag control circuit that 
checks the contents of each test request flag by 
executing an SKI instruction and resetting the flags. 

The OPL instruction (L = FH, corresponding to A3) sets 
the SM3 flag. INTO is enabled when SM3 = 1. 

The request flag INTT RQF is set when a timer overflow 
occurs in the timer event counter. The SKI or TIMER 
instruction resets it. 

Request flag INTO RQF is set at the rising edge of the 
signal input to the INTO/POn pin and the SKI instruction 
resets it. 

The logical sum of the outputs from the test request 
flags release HALT mode. The mode is released when 
one or both flags are set. Both flags and SM3 are reset 
when the RESET signal is input. After reset, signal input 
to the INTO pin is inhibited as the initial condition. 

Figure 17 is a block diagram of the test control circuit. 

Standby Modes 

The fiPD7556/66 has two standby modes to reduce 
power consumption while the program is in the wait 
state. The STOP and HALT instructions set these 
modes. 

When the program enters a standby mode, program 
execution stops and the contents of all registers and 
data memory immediately before the program entered 
standby mode are retained. The timer can operate even 
in HALT mode. 

The RESET signal or standby release signal (7556 only) 
releases STOP mode. HALT mode is released when one 
or both of the test request flags are set, or when the 
RESET signal is input. The program cannot enter a 
standby mode when a test request is being set, even if 
the STOP or HALT command is executed. 

If there is some uncertainty as to the state of the test 
request flags, execute the SKI instruction to reset them 
so the program can enter standby mode. 
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Figure 17. Test Control Circuit Block Diagram 
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Table 4 compares STOP and HALT modes. The main 
difference is that STOP mode stops the system clock 
and HALT does not. Oscillation stops during STOP 
mode. The power consumed by the oscillator is the 
difference between the two modes. In STOP mode, data 
memory can be retained with a lower supply voltage. 

Table 4. STOP and HALT Modes 



Figure 18. Power-on Reset Circuit 



Mode 


CL 


♦ 


P0 


CPU 


Timer 


Released by 


STOP 
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X 





X 


A 


RESET input 
INTTRQF, 
INTO RQF 
(7556 only) 


HALT 





X 





X 





INTTRQF 
INTO RQF 
RESET input 



Note: 

o = operates 

x = stops 

\= operational depending on clock source 

Power-on Reset Circuit 

Figure 18 shows a circuit example of the power-on reset 
circuit using a resistor and a capacitor. This is the 
simplest reset control circuit. Figure 19 shows the 
circuit with a pull-down resistor internally connected to 
RESET as a mask option. 

Figures 20 to 23 show examples of application circuits 
forthe^PD7556/66. 
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Figure 19. Power-on Reset Circuit with Pull-down 
Resistor 
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Figure 20. Refrigerator or Air Conditioner Circuitry 




Note: incase of air conditioner, Heater is changed to Fan Motor. 
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Figure 21. Rice Cooker Circuitry 
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Figure 22. Washing Machine Circuitry 
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Figure 23. Tape Deck Controller Circuitry 
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Table 5 compares the features of products in this part of 
the 7500 series devices. 

Table 5. Product Comparison 



Item 


fiPD75S4 


fiPD7564 


(JPD7556 


M PD7566 


Instruction RC 


4 ys/ 500 kHz 




4 us/ 500 kHz 




cycle /system c , . 

f , /c „> External 

clock (5 V) 


2.86 M s/700 kHz 




2.86 /is/ 700 kHz 




Ceramic 




3^s/660kHz 




3 us/ 660 kHz 


Instruction set 


47 


47 


45 


45 


ROM 


1024x8 


1024x8 


1024x8 


1024x8 


RAM 


64x4 


64x4 


64x4 


64x4 


I/O port total 


16 (max) 


1 5 


20 (max) 


19 


PortO 


P0 -P0 3 


PO0-PO3 


POq-PO! 


PO0-PO1 


Port 1 






PI0-PI3 


PI0-PI3 


Port 8 


P8 -P8 2 
P8 2 /CL2 


P8 -P8 2 


P8 -P8 2 

P83/CL2 


P8 -P8 2 


Port 9 






P9 -P91 


P9 -P9l 


Port 10 


PIO0-PIO3 


PIO0-PIO3 ■ 


PIO0-PIO3 


PIO0-PIO3 


Port 11 


PH0-PH3 


"PII0-PH3 


PIVPII3 


PH0-PH3 


Timer /event counter 


8-bit 


8-bit 


8-bit 


8-bit 


Serial interface 


8-bit 


8-bit 






Comparator 






4-channel 


4-channel 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


Package 


20-pin 
plastic 
shrink DIP 


20-pin 
plastic 
shrink DIP 


24-pin 
plastic 
shrink DIP 


24-pin 
plastic 
shrink DIP 
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A/PD75104/106/108 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The //PD751G4, J/PD75106, and //PD75108 are high- 
performance single-chip CMOS microcomputers that 
incorporate a CPU, ROM, RAM, I/O ports, vector 
interrupt functions, serial interface, and timer/event 
counters. 

The devices can manipulate data in 1-, 4-, or 8-bit units. 
A variety of bit manipulation instructions enhance I/O 
data control. The devices are especially suitable for 
controlling VCRs, audio sets, touch-tone telephones, and 
printers. 

Features 

□ 46 instructions 

— Bit manipulation instructions 

— 8-bit data transfer, comparison, and increment/ 
decrement instructions 

— 1-byte relative branch instructions 

— GETI instruction that realizes 2- or 3-byte 
instructions in 1-byte units 

□ Instruction cycles 

— High-speed cycle: 0.95//S/4.19 MHz, V DD = 5 V 

— Low-voltage cycle: 1.91 yus/4.19 MHz, 15.3 /js/ 
4.19 MHz 

□ Program memory (ROM) 

— //PD75104: 4096 x 8 bits 

— A/PD75106: 6016x8 bits 

— A/PD75108: 8064x8 bits 

□ Data memory (RAM) 

— //PD75104: 320x4 bits 

— A/PD75106: 320x4 bits 
— //PD75108: 512x4 bits 

□ Bit manipulation memory (bit-sequential buffer): 
16 bits 

□ Four banks of 8 x 4-bit general purpose registers 

□ Accumulators 

— Bit accumulator (CY) 

— 4-bit accumulator (A) 

— 8-bit accumulator (XA) 



□ 58 I/O lines 

— High-current output ports that can directly drive 
LEDs (total of 200 mA for 32 pins) 

— 12 N-channel, open-drain outputs with 12 V 
maximum 

— Four programmable threshold comparator 
inputs 

— Two external event inputs 

□ Vectored interrupt function capable of multiple 
interrupts 

— Three external vectored interrupts 

— Two external test inputs 

— Four internal vectored interrupts 

□ Two 8-bit timer/event counters 

□ 8-bit serial interface 

— Data transfer can start with LSB or MSB 

— Two transfer modes (transmit/receive and 
receive-only) 

— Mask option power-on reset circuit 

— Crystal or ceramic oscillator 

— Standby modes (STOP/HALT) 

— CMOS technology 

— Low power consumption 



E 



Ordering Information 




Part Number 


ROM (Bytes) 


PackageType 


I/PD75104CW 


4096 


64-pin plastic shrink DIP 


//PD75106CW 


6016 


64-pin plastic shrink DIP 


//PD75108CW 


8064 


64-pin plastic shrink DIP 


//PD75104G-1B 


4096 


64-pin plastic miniflat 


//PD75106G-1B 


6016 


64-pin plastic miniflat 


A»PD75108G-1B 


8064 


64-pin plastic miniflat 
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Pin Configurations 

64-Pin Shrink DIP 



Pin Identification 



Symbol 



Function 



64-Pin Miniflat 













PI3/1NT3 d 


1 V 


•S 64 


3 v ss 


PI2/INT2 Cj 


2 


63 


JP9 




pii/inti c 


3 


62 


3p9i 




Plo/INTO C 


4 


61 


3 P9 2 




PTH03 C 


5 


60 


1 P9 3 




PTH02 C 


6 


59 


3 P8 




PTH01 C 


7 


58 


DP81 




PTHOO C 


8 


57 


DP82 




TIO C 


9 


56 


DP83 




TI1 C 


10 


55 


3 P7o 




P2 3 C 


11 


54 


DP71 




P22/PCL C 


12 


53 


3 P7 2 




P21/PT01 C 


13 


52 


DP7 3 




P2 /PTO0 £ 


14 a, 51 


DP60 




PO3/SI C 


15 2 


50 


3 P61 




PO2/SO £ 


16 | 


49 


DP62 




PO1/SCK c 


17 K 


48 


DP63 




POo/INT4 c 


18 k 


47 


3x1 




P12 3 c 


19 46 


3x2 




P12 2 C 


20 


45 


J RESET 




P121 C 


21 


44 


3P5o 




P12o C 


22 


43 


DP51 




P133 C 


23 


42 


HPS2 




P13 2 C 


24 


41 


DP53 




P131 C 


25 


40 


HP4o 




P13 C 


26 


39 


DP41 




P14 3 c 


27 


38 


DP42 




P14 2 C 


28 


37 


I]P4 3 




P141 C 


29 


36 


3P30 




P14 £ 


30 


35 


DP31 




NCC 


31 


34 


DP32 




Vdd c 


32 


33 


DP33 


83-002742B 













a.a.aa.a>ZQ.a.Q.a.a. 




n 


nnnnnnnnnnnn 






( s 






P41 C 


1 


51 


3 P«1 


P40 C 




O 


3 P13 2 


P53 C 




H P13 3 


P52 C 


4 


48 


H P12 


P51 C 




' 


3 P121 


P5o C 






U P12 2 


RESET C 


7 


45 


3 P123 


X2 C 






D PO0/INT4 


X1 C 






H P01/S5K 


P63 C 


10 


^PD5104/106/108 42 


3 PO2/SO 


P62 C 






D PO3/SI 


P61 c 






3 P2o/PTOO 


P60 c 


13 


39 


H P21/PT01 


P73 C 






D P22/PCL 


P72 C 






3 P2 3 


P71 C 


16 


36 


D TI1 


P7 C 






3 TIO 


P83 C 






D PTHOO 


P82 C 


19 




33 

S 8 8 S J 


D PTH01 


uuuuuuuuuuuuu 


CO 
Q. 


o.aaa.oi>2zzzxi 
"ft « > ^ 0. a 
a a a a 




83-003930B 



P1 3 /INT3 

P1 2 /INT2 
PVINT1 
P1 /INT0 



4-bit input port 1 /Edge-triggered vectored 
interrupts 



PTH03- 
PTHOO 



Programmable threshold comparator analog 
input port 



TIO, TI1 



External event input for timer/event counter 



P2 3 , P2 2 /PCL 

PVPT01, 

P2 /PTO0 



4-bit I/O port 2/Clock output terminal/Timer/ 
event counter output pins 



PO3/SI 
P0 2 /S0_ 
PO^SCK 
P0 /INT4 



4-bit input port O/Serial interface/ Edge-triggered 
vectored interrupt 



P12 3 -P12 



4-bit I/O port 12 



P13 3 -P13 



4-bit I/O port 13 



Symbol 


Function 


P14 3 -P14 


4-bit I/O port 14 


NC 


No connection 


Vdd 


Positive power supply 


P3 3 -P3 


Programmable 4-bit I/O port 3 


P4 3 -P4 


4-bit I/O port 4 


P5 3 -P5 


4-bit I/O port 5 


RESET 


Reset input 


X2.X1 


Ceramic or crystal system clock oscillator 


P6 3 -P6 


Programmable 4-bit I/O port 6 


P7 3 -P7 


4-bit I/O port 7 


P8 3 -P8 


4-bit I/O port 8 


P9 3 -P9 


4-bit I/O port 9 


Vss 


Ground 
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Pin Functions 

PO3/SI, P0 2 /SO, PCVSCK, P0 /INT4 [Port 0, Serial 
I/O, Interrupt 4] 

Port can be configured as a 4-bit parallel input 
port or as the serial I/O interface under control of the 
serial mode select register. The serial input SI (active 
high) , serial output SO (active low), and the serial clock 
SCK (active low synchronizes data transfer) make-up 
the serial I/O interface. INT4 is an edge-triggered 
vectored interrupt triggered by a rising or falling edge. 
The port is in the input state at reset. 

P13-PVINT3-INT0 [Port 1, Interrupts 3-0] 

Port 1 is a 4-bit input port. INTO and INT1 are edge- 
triggered vectored interrupts selected by a rising or 
falling edge. INT2 and INT3 are triggered by a rising 
edge only. The port and the interrupts are in the input 
state at reset. 

P2 3> P2 2 /PCL, P2 1 /PT01, P2 /PTO0 [Port 2, Clock 
Output, Timer/Event Counter Output] 

Port 2 is a 4-bit I/O port for directly driving LEDs. PT01 
and PTOO are the timer/event counter output pins. PCL 
is the clock output pin. These pins are in the input state 
at reset. 

P3 3 -P3 [Port 3] 

Programmable 4-bit I/O port for directly driving LEDs 
with bit-level I/O selection. The port is in the input state 
at reset. 

P4 3 -P4 [Port 4] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 5. 

P5 3 -P5 [Port 5] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 4. 

P6 3 -P6 [Port 6] 

Programmable 4-bit I/O port for directly driving LEDs 
with bit-level I/O selection. The port is in the input state 
at reset and has 8-bit I/O capability when paired with 
port 7. 

P7 3 -P7 [Port 7] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 6. 



P8 3 -P8 [Port 8] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 9. 

P9 3 -P9 [Port 9] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 8. 

P12 3 -P12 [Port 12] 

4-bit I/O port, N-channel open-drain, 12 V max. An 
internal pull-up resistor is a mask option. The port is in 
the high-impedance state at reset when open-drain is 
selected or in the high-level state when a pull-up 
resistor is selected. Port 12 has 8-bit I/O capability 
when paired with port 13. 

P13 3 -P13 [Port13] 

4-bit I/O port, N-channel open-drain, 12 V max. An 
internal pull-up resistor is a mask option. The port is in 
the high-impedance state at reset when open-drain is 
selected or in the high-level state when a pull-up 
resistor is selected. Port 13 has 8-bit I/O capability 
when paired with port 12. 

P14 3 -P14 [Port 14] 

4-bit I/O port, N-channel open-drain 12 V max. An 
internal pull-up resistor is a mask option. The port is in 
the high-impedance state at reset when open-drain is 
selected or in the high-level state when a pull-up 
resistor is selected. 

PTH03-PTH00 [Threshold Detector Analog Input 
Port] 

Threshold detector analog input port. 

TIO, TI1 [Timer/Event Counter Input] 

External event input for the timer/event counter. These 
two pins are also an edge-triggered vectored interrupt 
and a 1-bit input port. 




RESET [Reset] 

System reset input pin (active low). 

X2, X1 [System Clock I/O] 

These pins are the system clock I/O. The clock may be 
from an external source or from an internal oscillator 
controlled by a crystal or ceramic resonator connected 
to pins X2 and X1 . See figure 1 . 
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Vdd [Power Supply] 

Positive power supply. 

Vss [Ground] 

System ground. 

//PD7500 Series 

Table 1 compares the features of similar products in 
the /uPD75000 series. 

I/O Port Interfaces 

Figure 2 shows the internal circuit configurations at the 
I/O ports. 



Figure 1. System Clock Configurations 
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Table 1. Product Comparison 



Item 


A/PD75P108 


//PD75104 


/uPD75106 


//PD75108 


Program memory 


EPROM 
0000-1 FFFH 


Mask ROM 
0000-OFFFH 


Mask ROM 
0000-177FH 


Mask ROM 
0000-1 FFFH 


Data memory 


512 x 4-bit 
Bank 0: 256 
Bank 1:256 


320 x 4-bit 
Bank 0: 256 
Bank 1:64 


320 x 4-bit 
Bank 0: 256 
Bank 1:64 


512 x 4-bit 
Bank 0: 256 
Bank 1:256 


Instruction set 


Set P108 


Set P108 minus 
BRIaddr (3-byte instr.) 


Set P108 


Set P108 


Ports 12-14 pull-up 
resistor 


Not offered 


Mask option 


Mask option 


Mask option 


Power-on reset 


Integrated 


Mask option 


Mask option 


Mask option 


Power-on flag 


Integrated 


Mask option 


Mask option 


Mask option 


Operating voltage 


5 V ±10% 


2.5 to 6.0 V 


2.5 to 6.0 V 


2.5 to 6.0 V 


Pin 31 


V PP 


NC 


NC 


NC 


Packaging 


64-pin ceramic 
shrink DIP 


64-pin plastic 
miniflat or shrink DIP 


64-pin plastic 
miniflat or shrink DIP 


64-pin plastic 
miniflat or shrink DIP 
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Figure 2. Interface at Input/Output Ports 
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Figure 3. Cycle Time vs Supply Voltage 
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^ y Port 9 <^4 \p9 -P9 3 
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Absolute Maximum Ratings 

(Preliminary Specifications) 

T A = 25°C 



Operating temperature, Tqpt 


-40 to +85 °C 


Storage temperature, Tstg 


-65to+150°C 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input voltage 
Ports 12, 13, 14 (1), V| 2 
Other ports V|i 


-0.3 to +13 V 
-0.3 to V DD + 0.3 V 


Output voltage, Vo 


-0.3 to V DD + 0.3 V 


Output current, high 
One pin 
All output pins, total 


-15 mA 
-30 mA 



Output current, low 
Single pin (peak value) 

Ports 0, 2-4, 12-14, total (peak value) 

Ports 5-9, total (peak value) 



30 mA 
(2) 15 mA 

100 mA 
(2) 60 mA 

100 mA 
(2) 60 mA 



Power dissipation, Pn 0a = 70°C) 



480 mW 



Note: 

(1)No internal pull-up resistor (mask option). If internal pull up 
resistor is used, then voltages are same as V|-|- 

(2) The calculation method is: value = peak value x duty. 

Comment: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Capacitance 

T A = 25 °C, V DD = GND = V, f = 1 MHz 



Limits 


Unit 


Test 


Parameter Symbol Min Typ Max 


Conditions 


Input capacitance C| 15 


pF 


Unmeasured pins 


Output capacitance Co 15 


PF 


returned to GND 


I/O capacitance Cio 15 


PF 





E 
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DC Characteristics 

T A = -40 to +85 °C, V DD = 2.7 to 6.0 V, GND = 


= ov 












Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input high voltage except 
X1.X2, 110,111, ports 0,1, 12-14, 
and RESET 


V|H1 


0.7 V DD 




Vdd 


V 




Input high voltage, ports 
0, 1.TI0, TI1, and RESET 


V IH2 


0.8 V DD 




Vdd 


V 




Input high voltage, ports 
12-14 


V|H3 


0.7 V DD 




12 


V 


(Notel) 


Input high voltage X1.X2 


V|H4 


Vdd-0.5 




Vdd 


V 




Input low voltage except 
X1,X2,TI0,TI1, ports 0,1, 
and RESET 


V|L1 







0.3 v DD 


V 




Input low voltage ports 
0,1,TIO,TI1, and RESET 


V|L2 







0.2 


V 




Input low voltage X1,X2 


V|L3 







0.4 


V 




Input leakage current high, 
except X1,X2 


'LIH1 






3 


M 


V| = V D0 


Input leakage current high, 
X1.X2 


l|_IH2 






20 


M 


V| = V DD 


Input leakage current low, 
except X1,X2 


l|_IL1 






-3 


/uA 


V| = V 


Input leakage current low, 
X1.X2 


'UL2 






-20 


M 


V, = V 


Output voltage, high 


VOH 


Vdd-1.0 






V 


V DD = 4.5to6.0V; 
Ioh = -1- mA 




Vdd-0.5 






V 


I h = -100/iA 


Output voltage, low 
Ports 0,2-9 
Ports 12-14 


Vol 






2.0 


V 


V DD = 4.5 to 6.0 V 
Iol = 15 mA 
l L = 10mA 


Output voltage, low 


Vol 






0.4 


V 


V D d = 4.5 to 6.0 V; 
I l = -1.6 mA 








0.5 


V 


Ioh = 400aiA 


Output leakage current, high 


Iloh 






3 


/"A 


v = v DD 


Output leakage current, low 


'lol 






-3 


M 


v = ov 


Supply current 


■ddi 




3.5 




mA 


V D D = 5V + 10%(Note2,3,4) 






0.9 




mA 


V D d = 3 V 4- 10% (Note 2, 3, 5) 


Supply current HALT mode 


'DD2 




600 




M 


V OD = 5V + 10%(Note2,3,5) 






150 




//A 


V D d = 3 V + 10% (Note 2, 3, 5) 


Supply current, STOP mode 


IDD3 




0.1 


10 


v"A 


(Note 2) 


Pull-up resistance, ports 12-14 


Rl 


15 


35 


55 


kfi 





Notes: 

(1 ) No internal pull-up resistor. If an internal pull-up resistor is used, then same as V^ . If an input voltage greater than 1 V is supplied to port 
12, 13, or 14, the pull-up resistor must be > 50 kfi. 

(2) Does not account for current drawn through the mask option pull-up resistor, the mask option power-on reset circuit, or the comparator 
circuit. 

(3) 4.19-MHz crystal oscillation; C1 = C2 = 10 pF. 

(4) Set PCC to 001 1 B for high-speed operation. 

(5) Set PCC to OOOOB for low-sneed ODeration. 
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Crystal Characteristics 

T A = -40 to +85°C; V DD = 2.7 to 6.0 V 





Parameter 




Limits 




Unit 


Test 


Type 


Mln 


Typ 


Max 


Conditions 


Ceramic 


Frequency (fXX) 


2.0 




5.0 


MHz 




oscillator 


Oscillation 






4 


ms 


V DD = 4.5 to 6.0 V 




Stabilization (1) 






20 


ms 




Crystal 


Frequency (fXX) 


2.0 


4.19 


5.0 


MHz 




oscillator 


Oscillation 






5 


ms 


V DD - 4.5 to 6.0 V 




Stabilization (1) 






25 


ms 




External 


Input frequency 


2.0 




5.0 


MHz 




clock 


High/low level 
duration (txH, txL) 


100 




250 


ns 





Note: 

(1) Time required for oscillator to stabilize after power-on or release 
of STOP mode. 



AC Characteristics 

T A = -40 to +85°C, V DD = 2.7 to 6.0 V, GND = V 


















Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Cycle time (Note 1) 






tCY 


0.95 




32 


jus 


V DD = 4.5 to 6.0 V 




3.85 




32 


(IS 




Tl input frequency 






fTI 







1 


MHz 


V DD = 4.5 to 6.0 V 









550 


kHz 




Tl high time 






tTIH 


0.48 






/US 


V DD = 4.5 to 6.0 V 


Tl low time 






tTIL 


1.8 






/us 





SCK cycle time 



l KCY 



I 



0.8 


/us 


Input; V DD = 4.5 to 6.0 V 


0.95 


//s 


Output; V 0D = 4.5 to 6.0 V 


3.2 


/us 


Input 


3.8 


/us 


Output 


0.4 


/US 


Input; V DD = 4.5 to 6.0 V 


(t K CY/2)-50 


ns 


Output; V DD = 4.5 to 6.0 V 


1.6 


/US 


Input 



SCK pulse width 



{ KH. *KL 







(t K CY/2) - 50 




ns 


Output 


ST setup time to SCK high 


tSIK 


100 




ns 




Si hold time from SCK high 


*KSL 


500 




ns 




SCK low to SO valid delay time 


tKSO 




300 


ns 


V DD = 4.5 to 6.0 V 






1000 


ns 




INTO pulse width 


tlNTH. tlNTL 


5 




/US 




RESET pulse width 


l RSL 


5 




/us 





Note: 



(1 ) Cycle time depends on the supply voltage as shown in figure 3. 
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Power-On Reset Characteristics (Mask 
Option) 

T A = -40to+85°C 





Limits 


Unit 


Test 


Parameter Symbol 


Min Typ Max 


Conditions 


Power-on reset circuit 
operation voltage 


0.5 


V 




Power-on reset circuit 
operation voltage rise 
time 


10 


us 




Power-on reset circuit 
consumption current 


30 100 


M 




Comparator Characteristics 

T A = -40 to +85 °C, V DD = 4.5 to 6.0 V 




Limits 


Unit 


Test 


Parameter Symbol 


Min Typ Max 


Conditions 


Comparision accuracy V A comp 


±100 


mV 




Threshold voltage Vjh 


o v DD 


V 




PTH input voltage Vipth 


o v DD 


V 




Comparator 
consumption current 


1 


mA 


Set PTHM7 
to 1 


Table 2. Oscillation Stable Wait Times 


BTM3 BTM2 BTM1 


BTMO Wait Time (f X x : 


= 4.19 MHz) 





220/f xx (approx 250 ms) 


1 


1 2i7/f xx (approx 31.3 ms) 


1 


1 2l5/f xx (approx 7.82 ms) 


1 1 


1 2l3/f xx (approx 1.95 ms) 



Data Memory STOP Mode Low Supply 
Voltage Data Retention Characteristics 

T A = -40to+85°C 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Data retention 
supply voltage 


V DDDR 


2.0 


6.0 


V 




Data retention 
supply current 


■dddr 




0.1 10 


nA 


VdDDR = 2-0V 


Release signal 
set time 


l SREL 







MS 





Oscillation twAiT 


217/lx 


ms 


When released 


stable wait time 


by RESET 
(Note 1) 




See table 2. 


ms 


When released 
by interrupt 
request 



Note: 

(1) During oscillation stable wait time, CPU operation must be 
stopped to avoid unstable operation upon oscillation start. 
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Timing Waveforms 



Timing Measurement Points 

(Except Ports 0, 1, TI1, X1, X2, RESET) 



V 57 
Ah 



Vdd 
Vdd 



i-3 Vpp A 



Tl Timing 







0.8 Vdd 
[0.2 Vdd 


83-002757A 


-^ 


:• 




— 'TIH <4 


t n 









Interrupt Input Timing 



\ i'O.SVdd S e 

\ j' 0.2 v DD \ 



Data Retention Timing 

(STOP Mode is Released by RESET) 



HALT Mode 
Internal Reset Operation 
-STOP Mode 



pop \ 



Vdd 
STOP 
Instruction 
Execution 



-Data Retention Mode- 



/ 



V 



^Operation 
Mode 



Clock Timing 



"A / '^ 



Serial Interface Timing 



SCK \ 



KJ 



i.8 Vdd 

1.2 Vpp 



/ ^ 

< Input Data V— 



X 



X 



E 



Reset Input Timing 




Data Retention Timing 

(STOP Mode is Released by Interrupt Request) 



"X- 



-Data Retention Mode- 



STOP 
Instruction 
Execution 



Standby Release Signal 
[Interrupt Request] 



J 



J' 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



//PD75P108 

4-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH ON-CHIP EPROM 



Description 

The //PD75P108 is a high-performance, single-chip 
CMOS microcomputer that incorporates a CPU, ROM, 
RAM, I/O ports, vector interrupt functions, serial inter- 
face, and timer/event counters. 

The device is functionally equivalent and pin-compat- 
ible with the yuPD75104/A/PD75106///PD75108. The 
EPROM in the//PD75P108 allows you to evaluate your 
program before placing the mask order. An OTP ROM 
version is available for small production runs. 

Features 

□ 46 instructions 

— Bit manipulation instructions 

— 8-bit data transfer, comparison, and increment/ 
decrement instructions 

— 1-byte relative branch instructions 

— GETI instruction that realizes 2-or 3-byte 
instructions in 1-byte units 

□ Instruction cycles 

— High-speed cycle: 0.95 //s/4.19 MHz, V DD = 5 V 

— Low-voltage cycle: 1 .91 //s/4.19 MHz, 15.3//S/4.19 
MHz 

□ Program memory (EPROM): 8192 x 8 bits 

□ Data memory (RAM): 512 x 4 bits 

□ Bit manipulation memory (bit-sequential buffer): 
16 bits 

□ Four banks of 8 x 4-bit general-purpose registers 

□ Accumulators 

— Bit accumulator (CY) 

— 4-Bit accumulator (A) 

— 8-Bit accumulator (XA) 

□ 58 I/O lines 

— High-current output ports that can directly 
drive LEDs (total of 200 mA for 32 pins) 

— 12 N-channel open-drain outputs with 12 V 
maximum 

— Four programmable comparatorthreshold inputs 

— Two external event inputs 

□ Vectored interrupt function capable of multiple 
interrupts 

— Three external vectored interrupts 

— Two external test inputs 

— Four internal vectored interrupts 

□ Two 8-bit timer/event counters 

□ 8-bit serial interface 

— Data transfer can start with LSB or MSB 

— Two transfer modes (transmit/receive and 
receive-only) 



□ Power-on reset circuit 

□ Crystal or ceramic oscillator 

□ Standby modes (STOP/HALT) 

□ CMOS technology 

□ Low power consumption 



Ordering Information 




Part Number Package Type 


ROM (8K x 8) 


A/PD75P108DW 64-pin shrink cerdip 
with window 


EPROM 


A/PD75P108CW 64-pin plastic shrink DIP 


OTP ROM 


//PD75P108G-1B 64-pin plastic miniflat 


OTP ROM 



Pin Configurations 

64-Pin Ceramic Shrink DIP or 
Shrink Cerdip with Window 



PI3/INT3 c 1 
PI2/INT2 c 2 

P11/INT1 C 3 

P10/INT0 C 4 

PTH03 C 5 

PTH02 C 6 

PTH01 C 7 

PTH00 C 8 

TIO C 9 

TI1 C 11 

P23 C 1 

P2 2 /PCL C 1i 

P21/PT01 C 1: 

P20/PTO0 C V 

PO3/SI C 1! 

P0 2 /SO C 11 

P01/SCK C 1' 

PO0/INT4 c 11 

P12 3 C 1! 

P12 2 C 2( 

P12i C 2' 

P12 C 2: 

pi3 3 rj 2! 

P132 C 2' 
P13i C 2! 
P13 C 2' 
P14 3 C 2; 
P142 C 21 
P14i fj 2! 
P14 C 3( 
Vpp rj 31 
VDD C 



32 



3 

63 3 
62 1 

61 3 
60 3 
59 3 
58 3 
57 3 
56 3 
55 3 
54 3 
53 3 
52 3 
51 3 
50 3 
49 3 
48 3 
47 3 
46 3 
45 3 
44 3 
43 3 
42 3 
41 3 
40 3 
39 3 
38 3 
37 3 
36 3 
35 J 
34 J 
33 3 



VSS 

P9 

P9l 

P9 2 

P9 3 

P80 

P81 

P82 

P83 

P7o 

P71 

P7 2 

P73 

P6 

P61 

P6 2 

P63 

X1 

X2 

RESET 

P5 

P51 

P5 2 

P53 

P4o 

P4i 

P4 2 

P4 3 

P3o/MDO 

P31/MD1 

P3 2 /MD2 

P33/MD3 



E 
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Pin Configurations (cont) 

64-Pin Plastic Miniflat 



a a o a 



a.Q.Q.ao.Q.>>Q.aaQ.a 

nnnnnnnnnnnnn 



P4lC 1 
P4 C 

P53C 

P5 2 C 4 

P5i c 
P5oC 
RESET C 1 
X2E 
X1C 
P63C 10 

P62C 
P61C 

P60C 13 

P7 3 C 

P72C 

P71 C 16 

P7 C 

P83C 

P8 2 C 19 



o 



*/PO75P108 



51 Z\ P131 
3 P13 2 

HP133 

48 3P12o 

DP«1 

HP12 2 
45 DP12 3 

3 P0O/INT4 

3 PO-i/SCK 
42 3 PO2/SO 

3 PO3/S1 

DP20/PTO0 
39 3 P21/PT01 

D P2 2 /PCL 

DP23 
36 3 TI1 

3 TIO 

3 PTH00 
33 3 PTH01 



u li u uuuu u uuuuu 



a. a. a. a. a a. > 



?■ o a. a 



a. 0. a. a 



Pin Identification 



Symbol 


Function 


P1 3 /INT3 
P1 2 /INT2 
P1 1 /INT1 

P1 /INT0 


4-bit input port 1 /Edge-triggered vectored 
interrupts 


PTHO3-PTHO0 


Programmable threshold comparator analog input 
port 


TIO, TI1 


External event input for timer/event counter 


P2 3 , P2 2 /PCL 

P2 1 /PT01 

P2 /PTO0 


4-bit I/O port 2/Clock output terminal/Timer/ 
event counter output pins 


PO3/SI 
P0 2 /S0 
PO^SCK 

P0 /INT4 


4-bit input port O/Serial interface/Edge- 
triggered vectored interrupt 


P12 3 -P12 


4-bit I/O port 12 


P13 3 -P13 


4-bit I/O port 13 


P143-P14 


4-bit I/O port 14 


V PP 


EPROM programming power supply 


Vdd 


Positive power supply 


P3 3 /MD3 
P3 2 /MD2 
PS^MDI 
P3 /MD0 


Programmable 4-bit I/O port 3/EPROM function 
mode selection inputs 



Symbol 


Function 


P4 3 -P4 


4-bit I/O port 4 


P5 3 -P5o 


4-bit I/O port 5 


RESET 


Reset input 


X2, XI 


Ceramic or crystal system clock oscillator 


P63-P60 


Programmable 4-bit I/O port 6 


P7 3 -P7 


4-bit I/O port 7 


P83-P80 


4-bit I/O port 8 


P9 3 -P9 


4-bit I/O port 9 


Vss 


Ground 



Pin Functions 



PO0/INT4, PO1/SCK, P0 2 /SO, PO3/SI [Port 0, 
Interrupt, Serial Clock, Serial Interface] 

This port can be configured as a 4-bit parallel input 
port or as the serial I/O interface under control of the 
serial mode select register. The s erial i nput SI, serial 
output SO, and the serial clock SCK make up the 
serial I/O interface. INT4isan edge-triggered vectored 
interrupt triggered by a rising or falling edge. The port 
is in the input state at reset. 



P1 /INT0[Port1, 



P1 3 /INT3, P1 2 /INT2, PVINT1, 
Edge-Triggered Interrupts] 

4-bit input port 1/interrupts. INTO and INT1 are edge- 
triggered vectored interrupts selected by a rising or 
falling edge. INT2 and INT3 are triggered by a rising 
edge only. The port and the interrupts are in the input 
state at reset. 

P2 3 , P2 2 /PCL, P2 1 /PT01, P2 /PTO0 [Port 2, Clock 
Output, Timer/Event Counter Output] 

Port 2 is a 4-bit I/O port for directly driving LEDs. PT01 
and PTOO are the timer/event counter output pins. PCL 
is the clock output pin. These pins are in the input state 
at reset. 

P3 3 /MD3, P3 2 /MD2, P3i/MD1, P3 /MD0 [Port 3, 
EPROM Function Mode Inputs] 

Programmable 4-bit I/O port for directly driving LEDs 
with bit-level I/O selection. MD0-MD3 select the EPROM 
operating mode. The port is in the input state at reset. 

P4 3 -P4 [Port 4] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 5. 
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Pin Functions (cont) 

P5 3 -P5 [Port 5] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 4. 

P63-P60 [Port 6] 

Programmable 4-bit I/O port for directly driving LEDs 
with bit-level I/O selection. The port is in the input state 
at reset and has 8-bit I/O capability when paired with 
port 7. 

P7 3 -P7 [Port 7] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 6. 

P83-P80 [Port 8] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 9. 

P9 3 -P9o [Port 9] 

4-bit I/O port for directly driving LEDs. The port is in 
the input state at reset and has 8-bit I/O capability 
when paired with port 8. 

P12 3 -P12 [Port12] 

4-bit I/O port, N-channel, open-drain (12 V max). The 
port is in the high-impedance state at reset and has 
8-bit I/O capability when paired with port 13. 

P13 3 -P13 [Port 13] 

4-bit I/O port, N-channel, open-drain (12 V max). The 
port is in the high-impedance state at reset and has 
8-bit I/O capability when paired with port 12. 

P14 3 -P14 [Port14] 

4-bit I/O port, N-channel, open-drain (12 V max). The 
port is in the high-impedance state at reset. 

PTH03-PTH00 [Threshold Detector Analog Input 
Port] 

Threshold detector analog input port. 

TIO, TI1 [Timer/Event Counter Input] 

External event input for the timer/event counter. These 
two pins are also an edge-triggered vectored interrupt 
and a 1-bit input port. 



RESET [Reset] 

System reset input pin (active low). 

X2, X1 [System Clock I/O] 

These pins are the system clock I/O. The clock may be 
ceramic or crystal. 

Vdd [Power Supply] 

Positive power supply. 

Vpp [EPROM Programming Power Supply] 

During normal operation, connect to V DD . Connect to 
+21 V for EPROM programming. 

Vss [Ground] 

System ground. 
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Block Diagram 



TIOC 
PTO0/P20 C 



SI/PO3 C 
SO/PO2 C 
SCK/POi < 



INTO/PloC 
INT1/P11C 
INT2/P12 C 
INT3/PI3C 
INT4/P00 C 



Basic 
Interval 
Timer 



o 



Timer/Event /U\ 
Counter ' N 



J INTTO 



\n/ 



Timer/Event 
Counter 



o 



Serial // *> 

Interface \r-j/ 



Interrupt 
Control 



o 



PTHOO-PTH03 



I — K. Programmable /U\ 
4 p Threshold C } 
S/ Port #0 NT 



H 



Program 
Counter [12] 



\Z 



EPROM 
Program 
Memory 
8192x8 



H 



7T 









Decode 

and 
Control 



General Register 



RAM 

Data Memory 

512x4 



o 



o 
o 



I 


i fx/2" J L 




Clock 
Output 
Control 


Clock 
Divider 


Clock 
Generator 


Standby 
Control 


— ► CPU Clock 


T 

PCL/P2 2 




i I 

X1 X2 




i i i 

Vdd v ss reset 



Bit Sequence/ 
Buffer [16] 



S PortO <^ 4 | PO0-PO3 

Q Port 1 /4I P10-P13 

/ y Port 2 <^4\p2o-P2 3 

(^ ^) Port 3 /4j>P3 u -P33 

Q \ Port 4 <^4\p4n-P4 3 

S y Port5 <^4\p5o-P5 3 

<f y Port 6 <^4\P6 -P63 

(^ ^> Port7 <^4\p7 -P7 3 

<? y Port 8 \*y P80-P83 

<? y Port 9 <^4 \p9 -P9 3 

(^ ^) Port 12 ^4\p12o-P123 

(^ y Port 13 ^4\pi3 .pi3 3 

<Ty Port 14 Q4\pi4 -P14 3 



/C/PD75000 Series 

Table 1 compares the features of similar products in 
the //PD75000 series. 

Table 1. Product Comparison 



Item 


juPD75P108 


//P075104 


//PD75106 


juPD75108 


Program memory 


EPROM 
0000-1 FFFH 


Mask ROM 
0000-0FFFH 


Mask ROM 
0000-177FH 


Mask ROM 
0000-1 FFFH 


Data memory 


512 x 4-bit 
Bank 0: 256 
Bank 1:256 


320 x 4-bit 
Bank 0: 256 
Bank 1:64 


320 x 4-bit 
Bank 0: 256 
Bank 1:64 


512 x 4-bit 
Bank 0: 256 
Bank 1:256 


Instruction set 


Set P108 


Set P108 minus 
BRIaddr (3-byte instr.) 


Set P108 


Set P108 


Ports 12-14 pull-up 
resistor 


Not offered 


Mask option 


Mask option 


Mask option 


Power-on reset 


Integrated 


Mask option 


Mask option 


Mask option 


Power-on flag 


Integrated 


Mask option 


Mask option 


Mask option 


Operating voltage 


5 V ±10% 


2.5 to 6.0 V 


2.5 to 6.0 V 


2.5 to 6.0 V 


Pin 31 


V PP 


NC 


NC 


NC 


Packaging 


64-pin ceramic 
shrink DIP or 
plastic miniflat 


64-pin plastic 
miniflat or shrink Dli 


64-pin plastic 
miniflat or shrink DIP 


64-pin plastic 

mjpiflat nr chrink PIIP 
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EPROM Programming 

The internal 8K-byte EPROM is programmed via the 
pins and functions listed in table 2. Refer to the 
flowchart, figure 1. 

The Vppand Vqd P ir| s must be held at 5 V for at least 10 
/js upon power-up and before the programming voltages 
of 21 V to Vp P and 6 V to V D d are applied. 

Mode pins MD0-MD3 control the programming stepsas 
shown in table 3. Address inputs are not used during 
programming. The program memory address is first 
cleared via the mode pins, then incremented by applying 
four clock pulses to the X1 input. 

Table 2. EPR OM A ccess 



Pin 




Function 


Vpp 


Programming voltage. Connect to 21 V when programming 
EPROM. 


X1.X2 


Address increment clock input. X2 inputs the inverse of 
X1. 


MD0-MD3 


Mode selection 




P4 -P4 3 


8-bit data bus connection, low 


P5 -P5 3 


8-bit data bus connection, high 


V D D 


Connect to 6 V during programming. 


Table 3. EPROM Mode Selection 

Vpp = 21 V, V DD = 6.0 V 


MDO 


NIDI MD2 


M03 Operating Mode 


H 


L H 


L Program memory address 
clear 


L 


H H 


H Program memory write 


L 


L H 


H Program verify 


H 


X H 


H Program inhibit 



Figure 


1. EPROM Programming Flowchart 


















* 




Reset Device 
Vdd = V pp = 5V 






Program Inhibit 




" 






'' 




V D D = 6 V 
Vpp = 21 V 






Program Write 
[1 ms duration) 




'' 






" 




Program Memory 
Address Clear 






Program Inhibit 
















" 






No 














Increment Memory 

Address [by inputting 

4 clock pulses on 

pin X1] 










Program Inhibit 










" 




^^AII^N^ 


Program Write 
[1 ms duration] 




No 


S^ Locations X. 








^.Programmed ?^^ 




' 




Yes 






Program Memory 
Address Clear 




Program Inhibit 






" 












^ Verify? ^> 
I Yes 




Vdd = V pp = 5V 










' 










Power Off 
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I/O Port Interfaces 

Figure 2 shows the internal circuit configurations at the 
I/O ports. 
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Figure 2. Interface at Input/Output Ports 



Type B 
P13/INT3, Plo/INTO, 



TIO, TM, P00/INT4, PO3/SI, RESET 



H 




TypeE 

P23, P22/PCL, P21/PT01, P2o/PTOO, PO2/SO, 

P33/MD3-P30/MD0, P43-P40, P53-P50, P63-P60, 

P73-P70, P83-P80, P93-P90 

VDD 



Output 
Disable ' 



& 



P-ch 

FDHg 



^DHl 



N-ch 
VDD Vss 



h 



H 



Input/ 
Output 



TypeF 
P0i/§CR 



P-ch 

FDHF 



3>H| 




Input/ 
' Output 



Type M 
P123-P120, P133-P130, P143-P14Q 



Pull-up Resistor ■ 
[Mask Option] ; 



;jOH| 
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Section 4 — 8-Bit, Single-Chip Microcomputers 

/UPD78C05A/06A High-End CMOS Microcomputers 4-3 

juPD7807/08/09 High-End NMOS Microcomputers with 

Comparator and 8K ROM 4-23 

//PD78P09 High-End NMOS Microcomputer with 

Comparator and 8K EPROM 4-51 

juPD7810/11 NMOS Microcomputers with A/D Converter 4-75 

^PD78C10/C11/C14 CMOS Microcomputers with A/D Converter 4-101 

yuPD7810H/11H NMOS Microcomputers with A/D Converter 4-129 

yuPD78PG11 High-End NMOS Microcomputer with Piggyback 

EPROM 4-155 

//PD78310/312 CMOS Microcomputers, Real-Time Control Oriented . . 4-175 

/WPD8035HL/48H High-Speed HMOS Microcomputers 4-201 

/UPD80C35/C48, CMOS Microcomputers 4-213 

//PD48 

//PD8039HL/49H, High-Speed HMOS Microcomputers 4-235 

ywPD8749H 

yuPD80C39H/49H, High-Speed CMOS Microcomputers 4-249 

//PD49H 

yuPD80C40H/50H, High-Speed CMOS Microcomputers 4-271 

//PD50H 

//PD8041AH, NMOS Microcomputers with Universal PPI 4-293 

iuPD8741A 

/iPD80C42 CMOS Microcomputer with Universal PPI 4-307 

//PD8748H High-Speed NMOS Microcomputer with UV EPROM . . . 4-325 
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//PD78C05A/06A 

HIGH-END, 8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The //PD78C05A and juPD78C06A are advanced 
CMOS 8-bit general purpose, single-chip micro- 
computers intended for applications requiring 8-bit 
microprocessor control and extremely low power 
consumption. They are ideally suited for portable, 
battery-powered/backed-up products. Subsets of the 
//PD7801 , the/uPD78C05A/06A integrate an 8-bit ALU, 
4K-byte ROM, 128-byte RAM, 46 I/O lines, an 8-bit 
timer, and a serial I/O port on a single die. Expanded 
system operation can easily be implemented using 
industry standard peripheral and memory compo- 
nents. Total memory space can be increased to 64K 
bytes. 

The //PD78C05A/06A lend themselves well to low- 
power, portable applications by featuring two power- 
down modes to further conserve power when the 
processor is not active. The//PD78C06A is packaged in 
a 64-pin plastic miniflat package. TheyuPD78C05A is a 
ROM-less version, packaged in a 64-pin QUIP, and 
designed for prototype development and small volume 
production. 

Features 

□ CMOS silicon gate technology; +5 V supply 

□ Complete single-chip microcomputer 
—8-bit ALU 

— 4K-byte ROM 
—128-byte RAM 

□ 6.25 MHz 

□ Low power consumption 

□ 46 I/O lines 

□ Expansion capabilities 

— 60K-byte external memory address range 
— 8080A bus compatible 

□ Serial I/O port 

□ 101 instructions with multiple address modes 

□ Power-down modes 
—Halt mode 
—Stop mode 

□ 8-bit timer 

□ Prioritized interrupt structure 
—Two external 

—One internal 

□ On-chip clock generator 

□ ROM-less version available (78C05A) 



Ordering Information 




Part Number 


Package Type 


//PD78C05AG-36 


64-pin plastic QUIP 


/I/PD78C06AG-12 


64-pin plastic miniflat 



Pin Configurations 

64-Pin Plastic QUIP 













ABis C 




- / 64 


3 V C C 


#OUT I 


2 


63 


in ab 14 




DB 7 C 


3 


62 


3 AB 13 




DB6 I 


4 


61 


~T~l AB 12 




DB 5 C 


5 


60 


J AB11 




DB4 I 


6 


59 


1 AB10 




DB 3 C 


7 


58 


3 AB 9 




DB2 I 


8 


57 


I ABg 




DB1 C 


9 


56 


3 AB 7 




DBo I 


10 


55 


I AB 6 




NC C 


11 


54 


3 AB 5 




INT1 I 


12 


53 


I AB 4 




INTO C 


13 


52 


3 AB 3 




WAIT I 


14 < 51 


I AB 2 




Mi C 


15 $ 50 

16 g 49 


3 AB! 




WR I 


I AB 




RD C 


17 g 48 


3 PB 7 




PCs I 


18 g 47 


TlPBe 




PC 4 C 


19 


1 46 


3 PB 5 




PCal 


20 


45 


~~|PB 4 




PC2 C 


21 


44 


3 PB 3 




PCl I 


22 


43 


1 PB2 




pco C 


23 


42 


3 PB1 




REL I 


24 


41 


I PBo 




TO C 


25 


40 


3 PA7 




SCK I 


26 


39 


1 PAe 




SI C 


27 


38 


3 pa 5 




so i 


28 


37 


~~~l PA4 




RESET C 


29 


36 


3 PA 3 




X2CZZ 


30 


35 


IPAi> 




xi C 


31 


34 


3 PA1 




VssdZZ 


32 


33 


1 PAo 


83-002770A 
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Pin Configurations (cont) 

64-Pin Plastic Miniflat 



Plastic QUIP (cont.) 



o o o ffl (b ui u u in iu ui id in 
-o.QOQQa>a.a.a.aa.Q. 

nnnnnnnnnnnnn 



nc c 1 

0B 3 C 

DB2C 

DB1 C 
DBoC 
INT1 C 
INToC 
WAIT C 
WR C 
RD C 

PCsC 
PC4C 
pc 3 C 
pc 2 C 
PC1 C 
PCoC 

REL C 

to: 

SCK C 



O 



//PD78C06A 



19 



51 J PE 8 
DPE7 
HPE6 

3 pes 
3PE4 
HPE3 

3PE2 
HPE1 

HPEo 
DPB 7 

HPB 6 
Z]PB 5 
UPB4 
DPB3 
DPB 2 
IPB1 
DPBo 
DPA7 
33 3 PA 8 



UUUUUUUUUULIUIJ 

<o >pp.a.aan.o. 



Pin Identification 



Plastic QUIP 




No. 


Symbol 


Function 


1 


PE 15 (78G06A) 
AB 15 (78C05A) 


Address bus/output port E, bit 15 
Address bus, bit 15 


2 


0OUT 


Clock output 


3-10 


DB7-DB0 


Bidirectional data bus 


11 


NC 


Not connected 


12,13 


INTl INTq 


Interrupt inputs 1 and 


14 


WAIT 


Wait request input 


15 


M 1 


Machine cycle 1 output 


16 


WR 


Write strobe output 


17 


RD 


Read strobe output 


18-23 


PC5-PC0 


Input port C 


24 


REL 


STOP release input 


25 


TO 


Timer output 


26 


SCK 


Serial clock input/output 



No. 




Symbol 


Function 


27 


SI 




Serial data input 


28 


SO 




Serial data output 


29 


RESE1 


r 


Reset input 


30,31 


X 2 , X-| 




Crystal connections 


32 


Vss 




Ground potential 


33-40 


PA -PA 7 


I/O port A, bits 0-7 


41-48 


PB0-PB7 


I/O port B, bits 0-7 


49-63 


PE -PE 14 (78C06A) 
AB -AB 14 (78C05A) 


Address bus/output port E, bits 0-14 
Address bus, bits 0-14 


64 


Vrx 




Power supply 


Plastic Miniflat 


No. 




Symbol 


Function 


1 




NC 


Not connected 


2-5 




DB3-DB0 


Bidirectional data bus, bits 3-0 


6,7 




INTl int 


Interrupt inputs 1 and 


8 




WATf 


Wait request input 


9 




WR 


Write strobe output 


10 




RD 


Read strobe output 


11-16 




PC5-PC0 


Input port C 


17 




REL 


STOP release input 


18 




TO 


Timer output 


19 




SCK 


Serial clock input/output 


20 




SI 


Serial data input 


21 




SO 


Serial data output 


22 




RESET 


Reset input 


23,24 




X2.X1 


Crystal connections 


25 




v S s 


Ground potential 


26 




IC(Vcc) 


Internally conected to Vcc 


27-34 




PA0-PA7 


I/O port A, bits 0-7 


35-42 




PBo-PB 7 


I/O port B, bits 0-7 


43-57 




PE0-PE14 


Address bus/output port E, 
bits 0-14 


58 




Vcc 


Power supply 


59 




PE15 


Address bus/output port E, bit 15 


60-63 




DB7-DB4 


Bidirectional data bus, bits 7-4 


64 




0OUT 


Clock output 
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Pin Functions 

DB0-DB7 [Data Bus] 

The 8-bit bidirectional data bus transfers data between 
the accumulator and external memory or memory- 
mapped I/O. 

INTo, INTi [Interrupts and 1] 

INT is a rising-edge-triggered external interrupt input. 
INT - ! is an active-high external interrupt input. Both 
inputs must be held high for a least 2/js to be recognized 
as valid. 



SCK [Serial Clock] 

The control clock for the serial data port is user- 
programmable as an input or output. 

SI [Serial Data Input] 

The SI input loads into the serial register on the rising 
edge of SCK. 

SO [Serial Data Output] 

On the falling edge of SCK, the serial register outputs 
data to SO, most significant bit first. 



WAIT [Wait Request] 



RESET [Reset] 



The WAIT inpu t is use d to interface with slow memories 
or peripherals. WAIT is sampled at the end of machine 
cycle T 2 . I f it is lo w, then the processor goes into a wait 
state until WAIT returns high. 

M-| [Machine Cycle 1] 

(78C05A only) The M-| output is high during machine 
cycles T-| through T 3 of the first opcode fetch of an 
instruction. 

WR [Write Strobe] 

When the WR output is low, valid output data is available 
on the data bus. 

RD [Read Strobe] 

The processor loads data from the data bus into the 
accumulator on the rising edge of the RD output. 

PC0-PC5 [Port C] 

The 6-bit input port has internal pull-up resistors. 
When contents of the port buffer are transferred to the 
accumulator, they fill the least significant six bits. 

REL [STOP Release] 

The STOP release input has an internal pull-down 
resistor. High level on REL releases the processor from 
stop mode, allowing the clock generator to restart. 

TO [Timer Output] 

Frequency of square wave output at TO is determined 
by the timer register contents. TO outputs a low level 
after reset. 



A low level on RESET input of more than 8 /us resets 
the processor. 

X-i, X2 [Crystal Connections] 

These pins connect to the internal clock generator 
circuit. If an external clock generator is used, then it is 
connected to X-|. 

Vss [Ground] 

This is the power supply ground potential input. 

IC [V CC ] 

(78C06A only) This is the internal connection to Vcc 
through a high impedance. It should be left open. 

PA0-PA7 [Port A] 

Port A is an 8-bit latched output port. Data can be 
readily transferred between the accumulator and the 
output latch buffers. The contents of the output latches 
can be modified using arithmetic and logic instructions. 
Data remains latched at port A unless it is acted on by 
another port A instruction or a RESET is issued. 

PB0-PB7 [Port B] 

Port B is an 8-bit I/O port. Data is latched at port B in 
both the input and output modes. Each bit of port B can 
be independently set to either input or output mode. 
The mode B register programs the individual lines of 
port B to be either an input (modeB n = 1) or an output 
(modeB n = 0). 
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PE -PE 15 [Port E] 

(78C06A only) Port E is a 16-bit address bus/output 
port. It can be set to one of two operating modes using 
the PER or PEX instruction. 

• 16-bit address bus: the PER instruction sets this 
mode for use with external I/O or memory expansion 
(up to 60K bytes, externally). 

• 1 6-bit output port: the PEX instruction sets port E to 
a 16-bit output port. The contents of B and C 
registers appear on PE 8 -PE-| 5 and PE -PE 7 , 
respectively. 

AB0-AB15 [Address Bus] 

These lines are the 16-bit address bus to the main 
memory. The 78C05A, having no internal ROM, must 
address the area from to 4096 as external ROM. 



The 78C05A AB lines are unlike the 78C06A PE lines in 
that they have no internal latches. When the Port E 
output instruction PEX is executed in a 78C05A, the 
register pair BC is output to the AB lines for only one 
clock cycle during the third machine cycle. This is 
provided to allow external hardware to emulate the 
Port E operation of the 78C06A. 

Vcc [Power Supply] 

This pin is the power supply input, 3.5 to 6.0 V during 
normal operation. 

out [Clock Output] 

The system clock frequency, which is 1/4 or 1/8 of the 
crystal frequency, is output on this pin. <p out ' s active 
in halt mode but is held high in stop mode. 



Block Diagram 



X1O- 



INT10- 




Instruction 
Decoder 



WiTlS 



Read/ Write 
Control 


Timing 
Control 


System Control 


I I 


!> 


( 




~> 


! ! 



PA 7 -PA 



BD WR M, WAIT RESET *Out 

(iiPD78C05A) 



VCC VSS 
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Absolute Maximum Ratings 



Supply voltage, Vfjc 


-0.3 to +7.0 V 


Input voltage, V| 


-0.3 V to V cc + 0.3 V 


Output voltage, Vq 


-0.3 V to V cc + 0.3 V 


Output high current, Iqh (device total) 


-5 mA 


Output low current, Iol (device total) 


43.5 mA 


Operating temperature, TrjpR 


-40 to +85 °C 


Storage temperature, Tstg 


-65 to +150 °C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

T A - +25°C; V cc = GND = V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input 
capacitance 


C| 






15 


PF 


f c = 1 MHz; 
unmeasured 


Output 
capacitance 


Co 






15 


PF 


_ pins returned 
toOV 


I/O 
capacitance 


C l/0 






15 


PF 





Low-Power Data Memory Retention in 
Stop Mode 



T A = -40to + 85°C 














Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Data retention 
voltage 


V CCDR 


2.0 






V 




Data retention 
supply current 


'CCDR 




0.8 


20 


M 


V CCDR = 
2.0 V, (Xt 
= 0V,X 2 = 
open) 


Data retention 
input low 
RESET voltage 


VlLDR 







0.2 
VCCDR 






Data retention 
input high 
RESET voltage 


V IHDR 


0.8 
V CCDR 




V CCDR 


V 




REL input 
delay time 


to 


500 






/US 




REL Input 
high time 


tREL 


10 






us 





Note: 

(1) In data retention mode, input voltages to WAIT and PC0-PC5 pins 
(with pull-up resistors) should be maintained the same as Vqcdr 
level; other input voltages should be kept less than Vqcdr level. 



E 



;y 



< 
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DC Characteristics 

T A = -40 to +85 °C; V cc = +5 V ±10% 



Input low 
voltage 



Output high 
voltage 



Output low 
voltage 



Input high 
current 



Input low 
current 



Input high 

leakage 

current 



Input low 

leakage 

current 



Output high 

leakage 

current 



Output low 

leakage 

current 



Vcc supply 
current 



Limits 



Test 



Parameter 


Symbol Min 


Typ 


Max 


Unit Conditions 


Input high 
voltage 


V|H1 0.7 V CC 




Vcc 


V INTq, INTi, 
WAIT, PB - 
PB 7 , PC0-PC5 



V|H2 0.75 V CC 



RESET, SCK, 
REL, SI 



V|H3 V CC -2.0 



V CC V DB -DB 7 



V|H4 V cc -0.5 



V CC V X! 



V|L1 



0.3 V CC 



V 1NT D -INT-|, 
WAIT, PB - 
PB 7 , PC0-PC5 



V|L2 





0.25 V CC 


V 


RESET, SCK, 
REL, SI 


V|L3 





0.8 


V 


DB0-DB7 


V, L 4 





0.5 


V 


X1 


VoH1 


2.4 




V 


'oh = 

-100 //A 



V0H2 Vcc-0.5 



V l H = 
-50 //A 



Vol 



0.45 



V I l = 1.8 mA 



hH1 



100 



yuA Vim = Vcc 
(REL) 



l|H2 



45 



juA V|n = V cc 
(X1) 



l|L1 



-7 



-100 



/uA V| N = V 
(WAIT, PC - 
PC5) 



<IL2 



-45 



//A Vin = V 
(X1) 



Ilih 



3.2 



A/A V|n = Vcc 
(except REL, 
X1) 



'LIL1 



-3.2 



M V| N = V 
(except WAIT, 
PC0-PC5, h) 



'L1L2 



-3.2 



A/A V| N = V 

(Stop mode, 
X1) 



'loh 



3.2 a/A V 0U T = Vcc 



>LOL 



-3.2 //A Vqut = 0V 



'CC1 



7.5 



mA Operation 
mode 



'CC2 
ICC3 



1.2 2.7 



mA Halt mode 



20 



A/A Stop mode 
(X-i = V, X 2 
= Open) 



AC Characteristics 

Read/Write Operation 

78C05A, t CY # = 660 ns; 78C06A, t CY = 1320 ns 





Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max 


Unit Conditions 


RD low time 


tRR 


1070 
+ 660 




ns 


RDLEto 
WAIT LE 


tRWT 




460 


ns 


Address (PEn- 
PE15) to 
WAIT LE 


tAWTI 




790 


ns 


WAiT set-up 
time to <Pout 
LE„ 


tWTS 


370 




., ns 


WAiT hold 
time alter 
0OUT LE 


l WTH 







ns 


NH to RD LE (1) 


tMR 


108 




ns 


RDTEtoM^I) 


tRM 


130 




ns 


0OUT LE 
to WR LE 


Vw 




175 


ns 


Address (PEq- 
PE 15 ) to 4> 0UJ 
TE 


tAc* 


420 




ns 


Address (PErj- 
PE 15 ) to 0out 
TE (1) 


tAc*- 


90 




ns 


Address (PErj- 
PE-15) to data 
output 


tAD2 


510 




ns 


Data output 
to WR TE 


tDW 


740 
+ 660N 




ns 


WR TE to data 
stable time 


tWD 


130 




ns 


Address 
(PEQfE 15 ) 
to WR LE 


tAW 


460 




ns 


WRTEto 
address 
stable time 


tWA 


180 




ns 


WR low time 


tww 


690 
+ 900N 




ns 


WRLEto 
WAITLE 


twWT 




110 


ns 



Note: 

(1) Applies only to 78C05A. 

N is number of WAIT states (T WA | T ). 



(2) 



In the 78C06A, two WAIT states are automatically 
inserted when accessing internal ROM. 



(3) LE is leading edge and TE is trailing edge. 
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AC Characteristics (cont) 

Bus Timing Depending on t CY ^ 

T A = -40to+85°C 



Symbol 


Formula 


Min/Max 


Unit 


{ R0 


(1/2)T-150 


Min 


ns 


*AD1 


(3/2 + N)T - 200 


Max 


ns 


tRA(T3) 


(1/2)T — 150 


Min 


ns 


tRA(T4) 


(3/2)T - 150 


Min 


ns 


*RD 


(1 + N)T - 200 


Max 


ns 


l RR 


(2 + N)T - 250 


Min 


ns 


tRWT 


T-200 


Max 


ns 


l AWTI 


(3/2)T-200 


Max 


ns 


tWTS 


(1/3)T + 150 


Min 


ns 


tMRd) 


(3/8)T - 140 


Min 


ns 


tRM (D 


(1 /2)T - 200 


Min 


ns 


t A (D 


(1/2)T-240 


Min 


ns 


l A<p 


T-240 


Min 


ns 


{ AD2 


T-150 


Min 


ns 


J DW 


(3/2 + N)T - 250 


Min 


ns 


tWD 


(1/2)T-200 


Min 


ns 


{ AW 


T-200 


Min 


ns 


tWA 


(i/2)T - 150 


Min 


ns 


t W w 


(3/2 + N)T - 300 


Min 


ns 


t WWT 


(1/2)T-220 


Max 


ns 


f CYK 


2T 


Min 


ns 


*KKL 


T-120 


Min 


ns 


t-KKH 


T-120 


Min 


ns 



Note: 

(1) For 78C05A only 

(2) N = Number of Ty^u states 

In the 78C06A, two wait states are automatically inserted 

when accessing internal ROM. 

T = t CY for 78005A 

T = 2t C Y0 f or 78C06A 

tcY assumes 50% duty cycle on X-). 



Serial Operation 

78C05A, t CY = 660 ns; 78C06A, t CY : 



1320 ns 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


SCK cycle 
time 


t-CYK 


1270 
1280 




80,000 


ns 
ns 


SCK input 
SCK output 


SCK low time 


*KKL 


515 
520 






ns 
ns 


SCK input 
SCK output 


SCK high 
time 


t-KKH 


515 
520 






ns 
ns 


SCK input 
SCK output 


SI set-up time 
to SCK TE 


tsis 


200 






ns 




SI hold time 
after SCK TE 


t-SIH 


250 






ns 




SCK LE to 
SO delay time 


t-KO 






300 


ns 





Note: 

(1) Input timings are measured at V (H min and V| L max. 

(2) Output timings are measured at Vqh = 2 - 4 v . v OL = °- 45 v . and 
load = one TTL + 200 pF. 

(3) LE is leading edge and TE is trailing edge. 



Clock Timing 

T A = -40to+85°CV DC 


, = +5V±10% 








Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


X-| input 
cycle time 


t-CYX 


160 




10,000 


ns 


X-| input 
low time 


t-XXL 


75 






ns 


X-| input 
high time 


txXH 


75 






ns 


0OUT 

cycle time (2) 


t-CY0 


1,280 




80,000 


ns 


0OUT low 
time (2) 


Wl 


515 






ns 


0OUT high 
time (2) 


Wh 


515 






ns 


0OUT 

cycle time (1) 


t-CY0 


640 




40,000 


ns 


0OUT 

Low time (1) 


te/>0L 


195 






ns 


0OUT 

high time (1) 


Wh 


195 






ns 


0OUT ri se/ 
fall time 


tR.t-F 






120 


ns 



E 



Note: 



(1 ) Applies only to 78C05A. (t CY = 4/f sc) 

(2) Applies only to 78C06A. (t CY = 8/f sc) 
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Timing Waveforms 

Write Operation 
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Read Operation 



I- T i 

, i PD78C06A:,!, OUT V \P 



-T,- 



~y: 



DB -DB 7 ■ 



(iPD78C05A: M, 



H T w 



X 



X 



-c 



X 



\ 



_r 



\ 



I 



t 



X 



A ?' S /f V_^ K_J V_^ 



id 



4-10 



NEC 



//PD78C05A/06A 



Timing Waveforms (cont) 

Serial Operation 
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Functional Description 

Memory Map 

The //PD78C06A can directly address up to 64K bytes 
of memory. Except for the on-chip ROM (0-4,095) and 
RAM (65,408-65,535), any memory location can be 
used as either ROM or RAM. Figure 1 defines the 0- 
64K-byte memory space for the //PD78C06A showing 
that the reset start address, interrupt start address, call 
tables, etc, are located in the internal ROM area. 

Timer Operation 

A programmable 8-bit timer (figure 2) is provided on- 
chip for measuring time intervals, generating pulses, 
and general time-related control functions. It is capable 
of measuring time intervals from 5 //s to 21 ms in 
duration. The timer consists of a prescaler that de- 
crements an 8-bit counter at a fixed 5-jjs or 82-//S rate. 



Countup operation is initiated upon execution of the 
STM instruction. When the contents of the upcounter 
are incremented and a coincidence with the Timer Reg. 
occurs, an internal interrupt (INT T ) is generated. The 
duration of the time-out may bealtered by loading new 
contents into the timer register. 

The timer flip-flop is set by the STM instruction and 
reset on a countup operation. Its output (TO) is 
available externally and may be used for general 
external synchronization. 

Serial Port Operation 

The on-chip serial port (figure 3) provides basic synchro- 
nous serial communication functions allowing the 
//PD78C05A/06A to serially interface with external 
devices. 

Serial transfers are synchronized witheither the internal 
clock or an external clock input (SCK). The transfer 
rate is fixed at fosc/8 if the internal clock is used or is 
variable between dc and fosc/8 when an external clock 
is used. The clock source select is determined by the 
serial mode register. Data on the SI (serial input) line is 
latched into the serial register on each rising edge of 
the serial clock (SCK) . Concurrently, data is transferred 
out of the serial register onto the SO (serial output) line 
with each falling edge of SCK. At this time, receive and 
transmit operations through the SI/SO port are enabled. 
Receive and transmit operations are performed MSB 
first. 

Interrupt Structure 

The /C/PD78C05A/06A provide a maskable interrupt 
structure capable of handling vectored prioritized 
interrupts. Interrupts can be generated from three 
different sources: two external interrupts and a timer 
interrupt. When activated, each interrupt branches to a 
designated memory vector location for that interrupt. 
See table 1. 




Table 1. 


Interrupt Structure 




INT 


Vectored Memory 
Location 


Priority 


Type 


INT T 


8 


2 


Internal, timer overflow 


INT 


4 


1 


External, level sensitive 


INT 1 


16 


3 


External, rising-edge 
sensitive 
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Figure 1. Memory Map 
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Figure 3. Serial Port Diagram 
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Reset 



An active-low signal on the RESET input for more than 
4 /is forces the /uPD78C05A/06A into a reset condition, 
which affects the following internal functions: 

• The interrupt enable flags are reset, and interrupts 
are inhibited. 

• The interrupt request flag is reset. 

• The halt flip-flop is reset, and the halt state is 
released. 

• The contents of the mode B register are set to FFH, 
and port B becomes an input port. 

• All flags are reset to 0. 

• The internal count register for timer operation is set 
to FFH and the timer F/F is reset. 

• The contents of the program counter are set to 
000OH. 

• Data bus (DB -DB 7 ), RD, and WR go to a high- 
impedance state. 



Once the RESET input goes high, the program is 
started at location 0000H. 

Stop and Halt Modes 

The//PD78C05A/06A have a stop and a halt mode. The 
effects of stop and halt on various functions are shown 
in table 2. 

Registers 

The//PD78C05A/06A contain seven 8-bit registers and 
two 16-bit registers. See figure 4. 

General Purpose Registers 

The general purpose registers B, C, D, E, H, L can 
function as auxiliary registers to the accumulator or in 
pairs as data pointers (BC, DE, HL). Automatic 
increment and decrement addressing mode capabilities 
extend the uses for the DE and HL register pairs. 



Figure 4. 


Registers 












) 
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S 
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A 
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B 


C 


D 


E 


H 


L 
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Table 2. Halt and Stop Modes 



Function 


Halt Mode 


Stop Mode 


Oscillator 


Run 


Stop 


Internal system clock 


Stop 




Timer 


Run 




Timer register 


Hold 


Set 


Upcounter, prescalerO, 1 


Run 


Cleared 


Serial interface 


Run 


Run (1) 


Serial clock 


Hold 


Hold 


Interrupt control circuit 


Run 


Stop 


Interrupt enable flag 


Hold 


Reset 


INT , INTt input 


Active 


Inactive 


INT T 




- 


T 8 (INTFS) 




- 


Mask register 


Hold 


Set 


Pending interrupts (INTFX) 




Reset 


REL input 


Inactive 


Active 


RESET input 


Active 





On-chip RAM 



Hold 



Output latch in ports A, B, E 
Program counter (PC) 



Stack pointer (SP) 



General registers (A, B, C, D, E, F, L) 
Program status word (PSW) 



Mode B register 



Standby control register (SC0-SC3) 
Standby control register (SC4) 
Timer mode register (TMMn-TMM-|) 
Timer mode register (TMM-|) 



Hold 



Cleared 



Unknown 



Reset 



Hold 



Set 



Hold 



Set 



Serial mode register (SM) 




Hold 


Data bus (DB -DB 7 ) 


High-Z 


High-Z 


RD, WR output 


High 


High 



Note: 

(1) Serial clock counter is running and Tg is generated; however, 
there are no effects from it. 
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Accumulator [A] 

All data transfers between the //PD78C05A/ 06A and 
external memory or I/O are done through the ac- 
cumulator. 

Program Counter [PC] 

The PC is a 16-bit register containing the address of the 
next instruction to be fetched. Under normal program 
flow, the PC is automatically incremented. However, in 
the case of a branch instruction, the PC contents are 
from another register or an instruction's immediate 
data. A reset sets the PC to 0000H. 

Stack Pointer [SP] 

The stack pointer is a 16-bit register used to maintain 
the top of the stack area (last-in/first-out). The contents 
of the SP are decremented during a Call or Push 
instruction or if an interrupt occurs. The SP is in- 
cremented during a Return or POP instruction. 

Address Modes 

Register Addressing 

The instruction opcode specifies a register that 
contains the operand. 



Operand 



Register Indirect Addressing 

The instruction opcode specifies a register pair that 
contains the memory address of the operand. Mne- 
monics with an X suffix indicate this address mode. 







'P 




Memory 


Opcode 




Address 




Operand 







Automatic Increment Addressing 

The opcode specifies a register pair that contains the 
memory address of the operand. The contents of the 
register pair are automatically incremented to point to 
a new operand. This mode provides automatic se- 
quential stepping when working with a table of 
operands. 







rp 




Memory 


Opcode 




Address 


Operand 




I 






t 





Automatic Decrement Addressing 



Memory 



Opcode 




Address 




Operand 




t 










n 








I U 



Working-Register Addressing 

The contents of the register are linked with the byte 
following the opcode to form a memory address that 
contains the operand. The V register is used to indicate 
the memory page. This address mode is useful as a 
short-offset address mode when working with operands 
in a common memory page where only one additional 
byte is required for the address. Mnemonics with a W 
suffix indicate this address mode. In the//PD78C05A/ 
06A, the V register is always FFH. 



Memory 



PC 






















PC + 1 


Displacement 






8 7 










15 







FFHex 


I 




| 




t 





Operand 



Direct Addressing 

The two bytes following the opcodespecify an address 
of a location containing the operand. 

Memory 




PC 


Opcode 






PC + 1 






Operand 


ow a ress 




PC * 2 


High Address 




1Byte 



Low Operand 



2 Bytes 



Immediate Addressing 

PC 

PC + 1 



Immediate Extended Addressing 

PC 

PC + 1 
PC + 2 



Opcode 
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Clock Driver Circuit 

The 6.25-MHz master timing signal is from an external 
oscillator connected to pin X1 or from an internal 
oscillator controlled by an external 6.25-MHz crystal 
connected to pins X1 and X2 (figure 5). Dividing fosc 
by four creates the internal GPU clock (f^ = 1.5625 
MHz). 

A system clock is available for external use at the 0out 
pin. Its frequency is 1.5625 MHz (6.25/4) or 0.78125 
MHz (6.25/8) for 78C05A and 78C06A, respectively. 

Figure 5. External 6.25-MHz Crystal 



r. 
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Crystal specifications 
AT cut 

lose = 6.25 MHz 
R = 50n 
C L = 16 ±0.2 pF 
P = 1.0±0.2mW 

Capacitor specifications 
CI, C2 = 5 to 20 pF [including stray capacitance] 
|C1 -C2|<10pF 



Instructions 



Instruction Set Definitions 



Operand 


Description 


r A, B, C, D, E, H, L 


r1 


B, C, D, E, H, L 


r2 


A, B,C 


sr 


PA, PB, PC, MK, MB, TM , TMi., S, SNI, SC 


sr1 


PA,PB,PC,MK,S,TMo,TM 1 ,SC 


sr2 


PA, PB, PC, MK 


rp 


SP, B, D, H 


rp1 


B, D, H 


rpa 


B, D, H, D+, H+, D- H~ 


wa 


8-bit immediate data used to access working register area 


word 


16-bit immediate data 


byte 


8-bit immediate data 


bit 


1-bit immediate data 


if 


FO, F1,FT,FS 


F 


CY,Z 


fa 


10-bit immediate data used to access fixed area in 
locations 0-2047 


ta 


5-bit immediate data used to access table in locations 
128-191 


n 


Number of bytes in an instruction 



Note: 

(1 ) When special register operands sr, sr1 , sr2 are used, PA = port A, 
PB = port B, PC = port C, MK = mask register, MB = mode B 
register, SM = serial mode register, SC = standby control 
register, TMq = timer register 0, TM-| = timer register 1, 

S = serial register. 

(2) When register pair operands rp, rp1 are used, SP = stack pointer, 
B = BC, D = DE, H = HL 

(3) Operands rpa, rp1, wa are used in indirect addressing and 
auto-increment/auto-decrement addressing modes. B = (BC), 
D = (DE), H = (HL), D+= (DE)+, H+= (HL)+, D~ = (DE)-, and 
H- = (HL)-. 

(4) When the interrupt operand "if" is used, FO = INTF0, F1 = INTF1 , 
FT=INTFT, FS = INTFS. 

(5) When the operand F is used, CY = Carry and Z = Zero. 

(6) The V register is always FFH. 
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Instruction Set 




Operand 


Bytes 


'Clocks 


Operation 


Skip 


Flags 


Mnemonic 


Condition CY Z 


8-Bit Data Transfer 


MOV 


r1,A 


1 


4/6 


(r1) - (A) 






MOV 


A,r1 


1 


4/6 


(A) - (r1) 






MOV 


sr,A 


2 


10/14 


(sr) — (A) 






MOV 


A,sr1 


2 


10/14 


(A) - (sr1) 






MOV 


r.word 


4 


17/25 


(r) — (word) 






MOV 


word.r 


4 


17/25 


(word) *- (r) 






MV1 


r.byte 


2 


7/11 


(r) — (byte) 






STAW 


wa 


2 


10/14 


(FFH.wa) — (A) 






LDAW 


wa 


2 


10/14 


(A) — (FFH.wa) 






STAX 


rpa 


1 


7/9 


((rpa)) ■— (A) 






LDAX 


rpa 


1 


7/9 


(A) - ((rpa)) 






16-Bit Data Transfer 


SBCD 


word 


4 


20/28 


(word) *- (C), (word + 1) — (B) 






SDED 


word 


4 


20/28 


(word) ~~ (E), (word + 1) *- (D) 






SHLD 


word 


4 


20/28 


(word) — (L), (word + 1) — (H) 






SSPD 


word 


4 


20/28 


(word) *- (SP L ), 
((word) + 1) *- (SP H ) 






LBCD 


word 


4 


20/28 


(C) *- (word), (B) *- (word + 1) 






LDED 


word 


4 


20/28 


(E) — (word), (D) — (word + 1) 






LHLD 


word 


4 


20/28 


(L) *- (word), (H) — (word + 1) 






LSPD 


word 


4 


20/28 


(SPi) *- (word) 






POP 


rp1 


2 


14/18 


(rp1 L ) *- ((SP)) 

(rp1 H ) — «SP) + 1). 

(SP) *- (SP) + 2 






LXI 


rp.word 


3 


10/16 


(rp) -<- word 






Arithmetic 


ADD 


A,r 


2 


8/12 


(A)^(A) + (r) 






ADDX 


rpa 


2 


11/15 


(A) - (A) + ((rpa)) 






ADC 


A,r 


2 


8/12 


(A)~-(A) + (r) + (CY) 






ADCX 


rpa 


2 


11/15 


(A)^(A) + ((rpa)) + (CY) 






SUB 


A,r 


2 


8/12 


(A) - (A) - (r) 






SUBX 


rpa 


2 


11/15 


(A) - (A) - ((rpa)) 






SBB 


A,r 


2 


8/12 


(A) - (A) - (r) - (CY) 






SBBX 


rpa 


2 


11/15 


(A) *- (A) - ((rpa)) - (CY) 






ADDNC 


A,r 


2 


8/12 


(A)-(A)-(r) 


No carry 




ADDNCX 


rpa 


2 


11/15 


(A) *- (A) - ((rpa)) 


No carry 




SUBNB 


A,r 


2 


8/12 


(A) *- (A) - (r) 


No borrow 




SUBNBX 


rpa 


2. 


11/15 


(A) - (A) - (rpa) 


No borrow 
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Operand 


Bytes 


"Clocks 


Operation 


S|cip 


Flags 


Mnemonic 


Condition CY Z 


Logical 


ANA 


A,r 


2 


8/12 


(A)-(A)A(r) 






ANAX 


r Pa 


2 


11/15 


(A) - (A) A ((rpa)) 






ORA 


A,r 


2 


8/12 


(A)-(A)V(r) 






ORAX 


rpa 


2 


11/15 


(A) - (A) V ((rpa)) 






XRA 


A,r 


2 


8/12 


(A)-(A)V(r) 






XRAX 


rpa 


2 


12/15 


(A) *- (A) V ((rpa)) 






GTA 


A,r 


2 


8/12 


(A)-(r)-1 


No borrow \ 




GTAX 


rpa 


2 


11/15 


(A) - ((rpa)) - 1 


No borrow ) 




LTA 


A.r 


2 


8/12 


(A)-(r) 


Borrow ] 




LTAX 


rpa 


2 


11/15 


(A) -((rpa)) 


Borrow \ 




ONAX 


r pa 


.2 


8/12 


(A) A ((rpa)) 


No zero ) 




OFFAX 


rpa 


2. 


11/15 


(A) A ((rpa)) 


Zero ] 




NE.A 


A,r 


2 


8/12 


(A)-(r) 


No zero j 




NEAX 


rpa 


2 


11/15 


(A) -((rpa)) 


No zero \ 




EQA 


A,r 


2 


8/12 


(A) - (r) 


Zero I 




EQAX 


rpa 


2 


11/15 


(A) -((rpa)) 


Zero j 




Immediate Data Transfer (Accumulator) 


XRI 


A, byte 


2 


7/11 


(A) ~- (A) V byte 






ADINC ■- 


A.byte 


2 


7/11 


(A) *-.(A) - byte 


No carry j 




SUINB 


A.byte 


2 


7/11 


(A) *- (A) - byte 


No borrow \ 




ADI 


A.byte 


2 


7/11 


(A) *- (A) + byte 






ACI 


A.byte 


2 


7/11 


(A) *- (A) + byte + (CY) 






SUI 


A, byte 


2 


7/11 


(A) +- (A) -byte 






SBI 


A.byte 


2 


7/11 


(A) *- (A) - byte -(CY) 






ANI '• 


A.byte 


2 


7/11 


(A) *- (A) A byte 






ORI 


A.byte 


2 


7/11 


(A) ~- (A) V byte 






GTI 


A.byte 


2 


7/11 


(A)-byte-1 


No borrow ', 




LTI 


A.byte 


2 


7/11 


(A) - byte 


Borrow : 




ONI 


A.byte 


2 


7/11 


(A) A byte 


No zero : 




OFFI 


A.byte 


2 


7/11 


(A) A byte 


Zero 




NEI 


A.byte 


2 


7/11 


(A) -byte 


No zero 




EQI 


A.byte 


2 


7/11 


(A) -byte 


Zero 




immediate Data Transfer (Special Register) 


ANI 


sr2,byte 


3 


17/23 


(sr2) -<- (sr2) A byte 






ORI 


sr2,byte 


3 


17/23 


(sr2) *- (sr2) V byte 






OFFI 


sr2,byte 


3 


14/20 


(sr2)Abyte 


Zero 




ONI 


sr2,byte 


3 


14/20 


(sr2) A byte 


No zero 
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Instruction Set (cont) 




Operand 


Bytes 


*Clocks 


Operation 


Skip 
Condition 


Flags 


Mnemonic 


CY 


z 


Working Register 


ANIW 


wa.byte 


3 


16/22 


(FFH, wa) +- (FFH, wa) A byte 








ORIW 


wa.byte 


3 


16/22 


(FFH, wa) *- (FFH, wa) V byte 








GTIW 


wa.byte 


3 


13/19 


(FFH, wa) - byte - 1 


No borrow 


t 




LTIW 


wa.byte 


3 


13/19 


(FFH, wa)- byte 


Borrow 


t 




ONIW 


wa.byte 


3 


13/19 


(FFH, wa) A byte 


No zero 






OFFIW 


wa,byte 


3 


13/19 


(FFH, wa) A byte 


Zero 






NEIW 


wa.byte 


3 


13/19 


(FFH, wa) - byte 


No zero 


t 




EQIW 


wa.byte 


3 


13/19 


(FFH, wa) - byte 


Zero 


t 




Increment/Decrement 


INR 


r2 


1 


4/6 


(r2) *- (r2) + 1 


Carry 






INRW 


wa 


2 


13/17 


(FFH, wa) *- (FFH, wa) + 1 


Carry 






DCR 


r2 


1 


4/6 


(r2) - (r2) - 1 


Borrow 






DCRW 


wa 


2 


13/17 


(FFH, wa) — (FFH, wa) - 1 


Borrow 






INX 


rp 


1 


7/9 


(rp)^(rp) + 1 








DCX 


rp 


1 


7/9 


(rp)-(rp) - 1 








Miscellaneous 


DAA 




1 


4/6 


Decimal adjust accumulator 




t 


t 


STC 




2 


8/12 


(CY) *- 1 




1 




CLC 




2 


8/12 


(CY) *- 









Rotate and Shift 


RLD 




2 


17/21 


Rotate left digit 








RRD 




2 


17/21 


Rotate right digit 








RAL 




2 


8/12 


(A m +1) - (Am). (An) - (CY), 
(CY) - (A 7 ) 




t 




RAR 




2 


8/12 


(Am--,) - (A m ), (A 7 ) - (CY), 
(CY) - (An) 




t 




Jump 


JMP 


word 


3 


10/16 


(PC) *- word 








JB 




1 


4/6 


(PC H ) - (B), (PCl) - (C) 








JR 


word 


1 


10/12 


(PC) *— (PC) + 1 + jdispl 








JRE 


word 


2 


13/17 


(PC)«-(PC) + 2 + jdisp 









E 
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Instruction Set 




Operand 


Bytes 


'Clocks 


Operation 


Skip 


Flags 


Mnemonic 


Condition CY Z 


Call 


CALL 


word 


3 


16/22 


((SP) - 1) - ((PC)+3) H , 
((SP)-2) *- ((PC) + 3) L , 
(PC) *- word 






CALF 


word 


2 


13/17 


((SP)-1)-((PC) + 2) H , 
((SP)-2)~-((PC) + 2) L , 
(PC 15 -PCu)«- 00001, 
(PC 10 -PC ) —fa 






CALT 


word 


1 


19/21 


((SP)-1)-((PC) + 1) H , 
((SP)-2)*-((PC) + 1) L , 
(PC L ) *- (128 + 2ta), 
(PC H ) «- (129 + 2ta) 






Return 


RET 




1 


10/12 


(PCJ - ((SP)), 
(PC H )-((SP)+1), 
(SP) — (SP) + 2 






RETS 




1 


10+n/12+n 


(PCJ - ((SP)), 
(PC H ) - ((SP) +1), 
(SP) *- (SP) +2, 
(PC) — (PC) +n 






RETI 




1 


13/15 


(PC L ) - ((SP)), 
(PC H ) - ((SP) +1), 
(PSW) «- ((SP) +2), 
(SP) — (SP) +3 






Skip 


SKNC 
SKNZ 




2 
2 


8/12 
8/12 


Skip if no carry 
Skip if co zero 


CY = 
Z = 




SKNIT 


f 


2 


8/12 


Skip if no INT X otherwise 
reset INT X 


f = 




CPU Control 


NOP 




1 


4/6 


No operation 






El 




2 


8/12 


Enable interrupt 






Dl 




2 


8/12 


Disable interrupt 






Serial Port Control 


SIO 
STM 




1 
1 


4/6 
4/6 


Start (trigger) serial I/O 
start timer 






Port E Control 


PEX 




2 


11/15 


(PE 15 -PE 8 ) - (B), 
(PE 7 -PE ) - (C) 






PER 




2 


8/12 


Port E AB mode 
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Program Status Word (PSW) Operation 


Operation 










»6 


"»5 


°4 


l»3 


D 2 


Do 


Reg. Memory 




Immediate 




Skip 


z 


SK 


HC 


LI 


LO 


CY 


ADD 
ADC 
SUB 
SBB 


ADDX 
ADCX 
SUBX 
SBBX 


ADI 
ACI 
SUI 
SBI 











t 








t 


ANA 
ORA 
XRA 


ANAX 
ORAX 
XRAX 


ANI 
ORI 
XRI 


ANIW 
ORIW 









• 








• 


ADDNC 
SUBNB 
GTA 
LTA 


ADDNCX 
SUBNBX 
GTAX 
LTAX 


ADINC 
SUINB 
GTI 
LTI 


GTIW 
LTIW 






1 


1 








t 




ONAX 
OFFAX 


ONI 
OFFI 


ONIW 
OFFIW 






t 


• 








• 


NEA 
EQA 


NEAX 
EQAX 


NEI 
EQI 


NEIW 
EQIW 






t 


t 








1 


INR 
DCR 


INRW 
DCRW 










t 


t 








• 


DAA 















t 








t 


RLL, RLR 










• 





• 








t 


RLD-RRD 










• 





• 








• 


STC 










• 





• 








t 


CLC 










• 





• 















MVI A, byte 






• 





• 


1 





• 






MVI L, byte 
LXI H, word 






• 





• 





1 


• 










SKNC 
SKNZ 
SKNIT 


• 


t 


• 








• 










RETS 


• 


1 


• 








• 


All other 
instructions 










• 





• 








• 



Flag Symbols: 

t Flag affected according to result of operation. 

1 Flag set 

Flag reset 

• Flag not affected. 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



//PD7807/08/09 

HIGH-END, 8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTERS 

WITH COMPARATOR AND 8K ROM 



Description 

The //PD7807///PD7808//UPD7809 single chip micro- 
computer augments the high-end NEC family of 8-bit 
microcomputers with on-chip peripheral functions. 
Like the//PD7811, the device has a fast internal 16-bit 
ALU and data paths, 256 bytes of RAM, a multifunctional 
16-bit timer/event counter, two 8-bit timers, a USART, 
and two zero-cross detect inputs. 

Other features are 8K ROM (4K ROM fortheyuPD7808), 
a programmable threshold comparator (8 inputs), a 
programmable WAIT function, a watchdog timer, hold 
and hold acknowledge for DMA interfaces, and bit 
test/write instructions for both RAM and I/O. 

The /t/PD7809 and //PD7808 are mask-ROM versions 
with your program on chip. The/;PD7807 is the ROM- 
less version for prototyping and small volume 
applications. 

Features 

P NMOS silicon gate technology requiring +5 V power 
supply 

□ Complete single-chip microcomputer 
—16-bit ALU 

— 8K ROM (4K ROM for the//PD7808) 
— 256-byte RAM 

□ Large I/O capability 

—40 I/O port lines (//PD7809 and //PD7808) 
—28 I/O port lines (//PD7807) 
—8 input lines 

□ Two zero-cross detect inputs 

□ Expansion capabilities (.64 K memory access total) 
— 8085A bus compatible 

— 56K-byte external memory address range 
(60K for the //PD7808) 

□ Programmable threshold comparator 

—8 inputs, 1 of 16 software selectable levels 

□ Full duplex USART 
—Synchronous and asynchronous 

□ 165 instructions 

—16-bit arithmetic, multiply and divide 

□ 1 fjs instruction cycle time 

□ Prioritized interrupt structure 
— 3 external 

—8 internal 

□ Hold, hold acknowledge for DMA interface 

□ Programmable WAIT function 

□ Watchdog timer 

□ Standby function 

□ On-chip clock generator 

□ 64-pin plastic straight or bent lead QUIP or plastic 
shrink DIP 



Pin Configuration 




E 



Ordering 


Information 




Part 
Number 


Package Type 


Max Freq. 
of Operation 


/jPD7807G-36 
//PD7808G-36 
A(PD7809G-36 


64-Pin plastic QUIP 


12 MHz 


A(PD7807CW 
//PD7808CW 
A<PD7809CW 


64-Pin plastic shrink DIP 


12 MHz 
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Pin Identification 



No. 


Symbol 


Function 


1-8 


PAo-PA 7 


Port A I/O 


9-16 


PB0-PB7 


Port B I/O 


17 


PC /TxD 


Port C I/O line O/Transmit data output 


18 


PCVRxD 


Port C I/O line 1/Receive data input 


19 


PC 2 /SCK 


Port C I/O line 2/Serial clock I/O 


20 


PC3/TI/ 


Port C I/O line 3/Timer input/Interrupt 
request 2 input 


21 


PC4/TO 


Port C I/O line 4/Timer output 


22 


PC5/CI 


Port C I/O line 5/Counter input 


23,24 


PC 6 , PC 7 / 
co , CO1 


Port C I/O lines 6, 7/Counter outputs 0, 1 


25 


NMl 


Nonmaskable interrupt input 


26 


INT1 


Interrupt request 1 input 


27 


M0DE1/M1 


Mode 1 input/memory cycle 1 output 


28 


RESET 


Reset input 


29 


MODEO/ 
10/M 


Mode input/l/O/memory output 


30,31 


X2, X1 


Crystal connections 1,2 


32 


Vss 


Ground 


33 


V RTH 


Port T threshold voltage input 


34-41 


PT0-PT7 


Port T variable threshold input port 


42 


HOLD 


Hold request input 


43 


HLDA 


Hold acknowledge output 


44 


RD 


Read strobe output 


45 


Wr 


Write strobe output 


46 


ALE 


Address latch enable output 


47-54 


PF0-PF7 


Port F I/O 


55-62 


PD0-PD7 


Port D I/O 


63 


Vdd 


RAM backup power supply 


64 


Vcc 


5 V power supply 



Pin Functions 

PA0-PA7 [Port A] 

Port A is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port A inputs. 

PB -PB 7 [Port B] 

Port B is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port B inputs. 



PC0-PC7 [Port C] 

Port C is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Alternatively, the lines of port C can be used as control 
lines for the USART and timer. Reset puts all lines of 
port C in port mode, input. 

TxD [Transmit Data]. Serial data output terminal. 

RxD [Receive Data]. Serial data input terminal. 

SCK [Serial Clock]. Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

Tl [Timer Input]. Timer input terminal. 



INT2 [Interrupt Request 2]. Falling-edge-triggered, 
maskable interrupt input terminal and AC-input, zero- 
cross detection terminal. 

TO [Timer Output]. The output of TO is a square wave 
with a frequency determined by the timer. 

CI [Counter Input]. External pulse input to timer/event 
counter. 

CO , CO1 [Counter Outputs 0, 1]. Programmable 
rectangular wave outputs based on timer/event 
counter. 

PD0-PD7 [Port D] 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When 
external expansion memory is used, port D acts as the 
multiplexed address/data bus. 

PF0-PF7 [Port F] 

Port F is an 8-bit three-state port. Each bit is 
independently programmable as an input or output. 
When external expansion memory is used, port F 
outputs the high-order address bits. 

PT0-PT7 [Port T] 

Port T is made up of 8 variable threshold inputs. The 
input of each line is compared to a threshold voltage. 

Vrth [Variable Threshold Reference Voltage] 

Vrth is the reference voltage that the port T threshold 
voltage is derived from. 

NMl [Nonmaskable Interrupt] 

Falling-edge-triggered nonmaskable interrupt input. 
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INT1 [Interrupt Request 1] 

INT1 is a rising-edge-triggered, maskable interrupt 
input. It is also an AC-input, zero-cross detection 
terminal. 



RESET [Reset] 



When the RESET input is brought low, it initializes the 
PD7807/08/09. 

MODE1, MODEO [Mode 1, 0] 

the MODE1 and MODEO inputs select the memory 
expansion mode. MODE1 also outputs the M1 signal 
during each opcode fetch. MODEO outputs the fO/M 
signal. 

HOLD [Hold Request] 

When the HOLD input is high, the CPU is put in a hold 
state until HOLD is brought low. 

HLDA [Hold Acknowledge] 

The CPU brings the HLDA output high when itisinthe 
hold state, and low when the hold is released. 

RD [Read Strobe] 

The RD output goes low to gate data from external 
devices onto the data bus. RD goes high during reset. 
Three-state. 

WR [Write Strobe] 

The WR output goes low to indicate that the data bus 
holds valid data. It is a strobe signal for external 
memory or I/O write operations. WR goes high during 
reset. Three-state. 

ALE [Address Latch Enable] 

The ALE output latches the address signal to the 
output of PD -PD 7 . 

X1, X2 [Crystal Connections 1,2] 

X1 and X2 are the system clock crystal oscillator 
terminals. X1 is the input for an external clock. 

Vss [Ground] 

Ground potential. 



Vqd [Backup Power] 

Backup power for on-chip RAM. 

Vcc [Power Supply] 

+5 V power supply. 

Input/Output 

The/uPD7807/08/09 has 8 comparator input lines (port 
T) and 40 digital I/O lines; five 8-bit ports (port A, port 
B, port C, port D, port F). 

Comparator Input Lines. PT0-PT7 are configured as 
variable threshold comparator input lines. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output. 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. 

Port D. Port D can be programmed as a byte input or a 
byte output. 

Control Lines. Under software control, each line of port 
C can be configured individually to provide control 
lines for the serial interface, timer, and timer/counter. 

Memory Expansion. In addition to the single-chip 
operation mode, the A/PD7809 has four memory expan- 
sion modes. Under software control, port D can provide 
a multiplexed low-order address and data bus; port F 
can provide a high-order address bus. Table 1 shows 
the relation between memory expansion modes and 
the pin configurations of port D and port F. 



E 



Table 1. 


Memory Expansion Modes and Port 
Configurations 


Memory 
Expansion 




Port Configuration 


None 


PortD 
Port F 


I/O port 
I/O port 


256 Bytes 


PortD 
Port F 


Multiplexed address/data bus 
I/O port 


4K Bytes 


PortD 
Port F0-F3 
Port F4-F7 


Multiplexed address/data bus 
Address bus 
I/O port 


16K Bytes 


Port D 
Port F0-F5 

Port F 6 -F 7 


Multiplexed address/data bus 
Address bus 
I/O port 


56K Bytes 


Port D 
Port F 


Multiplexed address/data bus 
Address bus 
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Block Diagram 



PC /TxD < 
PC,/RxD < 
PCj/SCK^ 



NMI • 
INT1 i 







Osc. 




















O*- 
o— ► 
o«-» 


Serial I/O 



to 



Interrupt 
Control 



<ti 



PC 5 /CI ( 
PC 6 /CO0 i 
PCJC01 < 



Timer 

Event 

Counter 



-Of 



PortT 
(Comparator) 



Buffer 



Main 
G.R. 



13 



Program 
Memory 

IJ.PD7809 
BK-bytes 

(liPD7808 
4K-bytes) 



wf 



~Z^>: 



<±ZL 



k 



3-> 



Data 
Memory 
(256-byte) 



Internal Data Bus 

— ^V ^v 



| Latch I I Latch | 




i& 



^> 



Inst. 
Decoder 



ft 



<?h 



& 



Aj\ PF 7 -PF„ 
\Ay (AB, 5 -AB a ; 



° At^v pd 7 -pd 

\A/ (AD 7 -AD ] 



(V)pc 7 -pc 



C^iC 1 )" 7 " 



® 



iC^> pA7 - 



Read/Write 
Control 



System 
Control 



Standby 
Control 



Notes: The //PD7807 has no on chip ROM. 



HOLD HLDA 



WR ALE 
MODE 



E J i L 

1 —I MODEO I— I 



Timers 

The timers consist of two 8-bit timers. The timers may 
be programmed independently or may be cascaded 
and used as a 16-bit timer. The timer can be software 
set to increment at intervals of four machine cycles 
(1 //sat 12 MHz operation) or 128 machine cycles (32 /xs 
at 12 MHz), or to increment on receipt of a pulse at Tl. 
Figure 1 shows the block diagram for the timer. 



Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 
2) can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable square-wave output 
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Figure 1. Timer Block Diagram 



"O— £>- 



Timer 
I 1 



4CL- 
128 CL- 



Upcounter 



Comparator 




r 



Timer 

F/F 



> PC 4 /T 



Timer/Event 

Counter 

Watchdog Timer 

Serial Interface 



r=T 



8-bit 
Upcounter 



Comparator 



Timer 
Register 1 







.__ J 



Notes: 1 CL = 3/f (250ns: 12MHz operation), 
f : System clock frequency (MHz). 
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Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and eight are internal. The following, table 2, 
shows 11 interrupt sources divided into six priority 
levels. See figure 3. 

Standby Function 

The standby function saves the top 32 bytes of RAM with 
backup power (Vqd) if the main power (Vqc) fails. On 
power up, you can check the standby flag to determine 
whether recovery was made from standby mode or from 
a cold start. 



Table 2. 


Interrupt Sources 




Interrupt 
Request 


Interrupt 
Address 


Type of Interrupt 


Internal/ 
External 


IRQO 


4 


NMI (Nonmaskable interrupt) 


Ext 




INTWD (Watchdog timer) 


Int 


IRQ1 


8 


INTTO (Coincidence signal from 
timer 0) 

INTT1 (Coincidence signal from 
timer 1) 


Int 


IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


Ext 


IRQ3 


24 


INTEO (Coincidence signal from 
timer/event counter) 

INTE1 (Coincidence signal from 
timer/event counter) 


Int 


IRQ4 


32 


INTEIN (Falling signal of CI and 
TO counter) 


Int/Ext 


IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Int 
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Figure 2. Timer/Event Counter Block Diagram 



4CL 



PC 5 /CI O- 



<~> 



I 



Timer/Event 
Counter Register 1 



-z"^ 



CPO- 
CP1 ■ 
EIN- 



^ 



Output 
Control 




PC 6 /CO0 



pcycoi 



Timer/Event Counter 

Capture Register 

(ECPTO) 



5£> 



Timer/Event 
Counter Upcounter 



Notes: 1 CL = 3/t [2S0 ns: 12 MHz operation], 
f: System clock Irequency (MHz]. 



Timer/Event Counter 

Capture Register 1 

(ECPT1) 



Sz: 



Comparator 



Timer/Event 
Counter Register 



-2™£ 



CP1 
CPO 



Figure 3. Interrupt Structure Block Diagram 



NMI 
INTTO 
INTT1 
INTI 
INT20- 
INTEO- 
INTE1 - 
INTEIN- 
INTWD- 
INTSR- 
INTST- 

OV- 



— N Test _ 

-J Control 



Mask 
Register 



3 



Priority 
Control 



X 




.-*> 



Figure 4. Universal Serial Interface Block Diagram 



3Z 



Receive 
Buffer 



PC,/RxD( 



pc,/sckO- 



H 



Transfer I— »ER 
Control I — »-SR 
t Interrupt 



^-' 



Internal Clock 



30-<J- 



I£ 



Transmit 
Buffer 



21 



Serial Register 
(P^S) 



(Transfer I— »• 
Control I In* 



Interrupt 
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Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfers data MSB first, for easy 
interfacing to certain NEC peripheral devices. 
Synchronous and asynchronous modes transfer data 
LSB first. Synchronous operation offers two modes of 
data reception: search and nonsearch. In the search 
mode, data is transferred one bit at a time from the 
serial register to the receive buffer. This allows a 
software search for a sync character. In the nonsearch 
mode, data transfer from the serial register to the 
transmit buffer occurs eight bits at a time. In asyn- 
chronous mode, the serial interface can act as a full- 
duplex USART with data transfer rates up to 125K bps. 
Figure 4 shows the universal serial interface block 
diagram. 

Zero-Crossing Detector 



The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low- 
frequency AC signals. When driven directly, these pins 
respond as a normal digital input. Figure 5 shows the 
zero-crossing detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
approximately 1-3 VAC (peak-to-peak) and a maximum 
frequency of 1 kHz is co upled through an external 
capacitor to the INT1 and INT2 pins. 

For the INT1 pin, the internal digital state is sensed as a 
until the rising edge crosses the average DC level, 
when it becomes a 1 and INT1 interrupt is generated. 



For the INT2 pin, the state is sensed as a 1 until the 
falling edge cros ses t he average DC level, when it 
becomes a and INT2 interrupt is generated. 



Figure 5. Zero-Crossing Detection Circuitry 



inti 

I INT2 (PC3) 



■>■ 



■>- 



Figure 6. Threshold Variable Input Port 



PT,o- 






no\ 



PT 4 0- 



PT 6 0- 



V 



3>- 



kxJ 




Variable Threshold Input Port [Port T] 

Port T has the following features: 

• 8 input lines 

• 16 threshold levels from 1/16 to 16/16 of reference 
voltage (V RTH ) 

• Level selected by writing to mode T register 
(figure 7) 

• Output of comparator reads until voltage at pin 
exceeds selected level 

• Comparison execution time: 12jus 

Figure 6 shows the block diagram for the threshold 
variable input port. Figure 7 shows the mode T register 
format. 
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Figure 7. Mode T Register Format 
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1 


1 





v TH x'y, 6 
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Watchdog Timer 

Use the watchdog timer for software or overall perfor- 
mance safety checks. If the watchdog is enabled, it must 
be cleared at regular intervals in program execution to 
avoid watchdog interrupts. Intervals are software selec- 
table via the WDM register. Figure 8 shows the block 
diagram for the watchdog timer. 

Bit Address Instructions 

The following bits may be addressed directly with 
certain instructions: 

• Any bit in the first 16 bytes of memory addressed by 
the V register 

• Any bit in the five 8-bit I/O ports (A, B, C, D, F) 

• Any bit in the comparator port 

• Any bit in the following special registers: interrupt 
mask, serial mode high, timer mode, timer/event 
counter output control. 

An addressed bit may be tested, set, cleared, or comple- 
mented. It also may be moved to or from the carry flag. 
An addressed bit may be ANDed, ORed, and XORed 
with the carry flag. 



Figure 8. Watchdog Timer Block Diagram 
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Absolute Maximum Ratings 



Power supply voltages, Vcc 


-0.5 V to +7.0 V 


Vdd 


-0.5 V to +7.0 V 


AVcc 


-0.5 V to +7.0 V 


Input voltage, V| 


-0.5 V to +7.0 V 


Output voltage, Vo 


-0.5 V to +7.0 V 


Reference input threshold voltage, Vrjh 


-0.5 V to V C c +0.1 V 


Operating temperature, TnpR 
10MHz<f X TAL^ 12M Hz 


-10°Cto+70°C 


f X TAL^10MHzGuPD7807/09) 


-10°Cto+70°C 


f X TAL ^ 10 MHz (a(PD7808 only) 


-40°Cto+85°C 


Storage temperature, T STG (//PD7807/09) 


-40°Cto+125°C 


Storage temperature, (yuPD7808 only) 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Operating Conditions 



Oscillating Frequency 


T A 


»CC.A»CC 


10MHz<f X TAL^12MHz 


-10°Cto+70°C 


+5.0 V ± 5% 


f X TAL ^ 10 MHz 
(//PD7807/09) 


-10°Cto+70°C 


+5.0 V ± 10% 


fXTAL ^ 10 MHz 
(A(PD7808) 


-40°Cto-85°C 


+5.0 V + 10% 


Capacitance 




Limits 


Test 


Parameter Symbol 


Min Typ Max Unit Conditions 



Capacitance 



Output 
capacitance 



Co 



20 



I/O capacitance 



Cio 



20 



pF Af c = 1MHz. 
pF Unmeasured 

pin returned 

pF toOV. 



DC Characteristics 

T A = -10°C to +70 °C; V cc = +5.0 V +10%; V ss = V; V cc -0.8 V < 
V DD < V cc ; T A = -40 °C to +85 °C (/yPD7808) 





Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max Unit 


Conditions 


Input low 
voltage 


V|L 





0.8 V 





Input high 
voltage 



V|H1 


2.0 


V cc V All except SCK, 
RESET, and X1 


V IH2 


0.8 V CC 


V cc V SCK, X1 





V IH3 


0.8 V DD 




Vcc 


V 


RESET 


Output low 
voltage 


Vol 






0.45 


V 


I l = 2.0 mA 


Output high 
voltage 


Voh 


2.4 






V 


l H = -200/yA 


Input current 


li 






±200 


/*A 


INT1,TI(PC 3 ); 
+ 0.45 V < V| N 

^v cc 


Input leakage 
current 


lu 






+10 


M 


All except 
INT1, TI(PC 3 ) 

0V<V| N <V CC 


Output leakage 
current 


"L0 






+10 


AiA 


+0.45 V < V 

^v cc 


Vrth input 
current 


! RTH 




0.2(1) 


0.6 


mA 


Vrth = v cc 


Vdd supply 
current 


'dd 




1.5(1) 


3.5 


mA 




V cc supply 
current 


ice 




150(1) 


220 


mA 





E 



Note: 

(1)T A = 25°C:V CC = V DD = .+5.0V 

Hold Operation 

T A = -1 °C to +70°C; V cc = +5.0 V ±10%; V ss = V; V cc - 0.8 V < 
V DD < V cc ; T A = -40 °C to +85 °C (/jPD7808) 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


HOLD t setup 
time to ALE t 


tSHDL 


2T + 
150 






ns 




ALE t to 
HLDA t delay 


*DLHA 






T + 
150 


ns 




HLDA t to bus 
floating 


Ifbha 









ns 




HOLD i to 
HLDA 1 delay 


*HDDA 


T-50 




4T + 
150 


ns 




HLDA I to bus 
enable time 


tEHAB 









ns 




Bus setup time 
to ALE 


tBL 


2T- 
100 






ns 
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Comparator Characterisctics 

T A = -10°C to +70°C; V cc = +5.0 V ±10%; V ss = V; V cc -0.8 V: 
V DD < V cc ; T A = -40°C to +85°C (//PD7808) 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max Unit 


Conditions 


Comparison 
accuracy 


Vacomp 






±100 mV 




Threshold 
voltage 


Vth 







Vcc v 




Comparison time 


trjOMP 


144 




145 t C YC 




PT input voltage 


V|PT 







v C c v 





Data Retention Characteristics 

T A = -10°C to +70°C; V cc = V, V DD = V DDDR ; T A = -40°C to 
+85 °C (A/PD7808) 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max Unit 


Conditions 


Data retention 
voltage 


Vdddr 


3.2 




5.5 V 


RESET = V| L 


Data retention 
supply current 


'dddr 




1.3 


3.0 mA 


RESET = Vil 
Vdddr = 3.2 V 



External Clock 

T A = -10°C to +70°C; V cc = +5.0 V ±10%; V S s = V; V cc -0.8 V : 
V DD < V cc ; T A = -40°C to +85 °C (//PD7808) 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


High level width 


td>H 


30 




250 


ns 




Low level width 


t<j)L 


30 




250 


ns 




Rising time 


tr 







30 


ns 




Falling time 


tf 







30 


ns 





AC Characteristics 

V S S = 0V,V CC -0.8V<V DD < 


Vcc; See Operating Conditions table 












Symbol 




Limits 






Unit 






'XTAL = 


= 10 MHz 


f XTAL = 


12 MHz 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions (1) 


Read/Write Operation 


RESET pulse width 


tRP 


6.0 




5.0 




us 




Interrupt pulse width 


tlP 


3.6 




3.0 




us 




Counter input 


tci 


600 




500 




ns 


Event counter mode 


pulse width 


tci 


4.8 




4.0 




us 


Pulse width measurement mode 


Timer input pulse width 


tTI 


600 




500 




ns 




X1 Input cycle time 


l CYC 


100 


250 


83 


250 


ns 




Address set-up to ALE i 


tAL 


100 




65 




ns 




Address hold after ALE i 


tLA 


70 




50 




ns 




Address to RD i delay time 


*AR 


200 




150 




ns 




RD i to address floating 


*AFR 




20 




20 


ns 




Address to data input 


tAD 




480 




360 


ns 





Note: 

(1) Load capacitance: C\_ = 150 pF. 
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AC Characteristics (cont) 

V ss = V, V cc -0.8 V < V DD < V cc ; See Operating Conditions table 








Limits 






Unit 








'XTAL = 


10 MHz 


*XTAL = 


12 MHz 


Test 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Conditions (1) 


Read/Write Operation 


ALE i to data input 


tLDR 




300 




215 


ns 




RD i to data input 


tRD 




250 




180 


ns 




ALE J to RD J delay time 


tLR 


50 




35 




ns 




Data hold time to RD t 


tRDH 












ns 




RD t to ALE t delay time 


tRL 


150 




115 




ns 




RD width low 


tRR 


350 




280 




ns 


Data read 






650 




530 




ns 


Opcode fetch 


ALE width high 


III 


160 




125 




ns 




Ml setup time to ALE i 


*ML 


100 




65 




ns 




Ml hold time from ALE i 


t|_M 


70 




50 




ns 




iO/M setup time to ALE J 


t|L 


100 




65 




ns 




lO/M hold time from ALE i 


tLI 


70 




50 




ns 




Address to WR i delay 


Uw 


200 




150 




ns 




ALE i to data output 


*LDW 




210 




195 


ns 




WR i to data output 


tWD 




100 




100 


ns 




ALE i to WR i delay 


*LW 


50 




35 




ns 




Data set-up time to WR t 


tDW 


300 




230 




ns 




Data hold time to WR t 


twDH 


130 




95 




ns 




WR t to ALE t delay time 


twi 


150 




115 




ns 




WR width low 


tww 


350 




280 




ns 





E 



Note: 

(1) Load capacitance: C[_ = 150 pF. 
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Serial Operation 

See Operating Conditions table 




Symbol 






Limits 




Unit 






*XTAL = 


= 10 MHz 


f XTAL = 


12 MHz 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


SCK cycle time 


l CYK 


1.2 




1 




/US 


SCK input (4) 




500 




500 




ns 


SCK input (5) 




2.4 




2 




A<S 


SCK output 


SCK width low 


tKKL 


500(6) 




400(7) 




ns 


SCK input(4) 




200 




200 




ns 


SCK input (5) 




1100 




900 




ns 


SCK output 


SCK width high 


*KKH 


500(6) 




400(7) 




ns 


SCK input (4) 




200 




200 




ns 


SCK input (5) 




1100 




900 




ns 


SCK output 


RxD set-up time to SCK t 


tRXK 


80 




80 




ns 


(4) 


RxD hold time after SCK t 


*KRX 


80 




80 




ns 


(4) 


SCK i TxD delay time 


*KTX 




210 




210 


ns 


(4) 



Note: 

(4) 1x Baud rate in Asynchronous, Synchronous, or I/O Interface mode. 

(5) 16x Baud rate or 64x Baud rate in Asynchronous mode. 

(6) 505 ns min for /UPD7808 only. 

(7) 420 ns min for/uPD7808 only. 

Zero-Cross Characteristics 





Limits 
Symbol 








Unit 




Parameter 


Min 


Typ 


Max 


Test Conditions 


Zero-cross detection input 


Vzx 


1 




3(8) 


VACp.p 


AC coupled 


Zero-cross accuracy 


AZX 






±135 


mV 


60 Hz sine wave 


Zero-cross detection input frequency 


fzx 


0.05 




1 


kHz 





Note: 

(8) 1 .8 VAC p .p max for£iPD7808 only. 
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Bus Timing Depending on tcyc 




Symbol 


Calculating Expression 


Min/Max 


*RP 


60T 


Min 


tTI 


6T 


Min 


tci(2) 


6T 


Min 


tciO) 


48T 


Min 


t|P 


36T 


Min 


tAL 


2T - 100 


Min 


tLA 


T-30 


Min 


*ar 


3T - 100 


Min 


l AD 


7T - 220(4) 


Max 


tLDR 


5T - 200(4) 


Max 


*RD 


4T- 150(4) 


Max 


tLR 


T-50 


Min 


tRL 


2T-50 


Min 


*RR 


4T - 50 (Data Read)(4) 


Min 




7T - 50 (Opcode Fetch)(4) 




tLL 


2T-40 


Min 


J ML 


2T - 100 


Min 


l LM 


T-30 


Min 


t|L 


2T - 100 


Min 


tu 


T-30 


Min 



Timing Waveforms 

Read Operation 



Bus Timing Depending on tcyc (cont) 


Symbol 


Calculating Expression 


Min/Max 


*AW 


3T -100 


Min 


{ LDW 


T + 110 


Max 


t|_W 


T-50 


Min 


l DW 


4T - 100(4) 


Min 


l WDH 


2T-70 


Min 


tWL 


2T-50 


Min 


tww 


4T - 50(4) 


Min 


{ CYK 


12T (SCK input)(1) 
24T (SCK output) 


Min 


f KKL 


6T — 100 (SCK input)(1)(5) 

12T - 100 (SCK output) 


Min 


l KKH 


6T — 100 (SCK input)(1)(5) 

12T - 100 (SCK output) 


Min 



Note: 

(1) 1x Baud rate in asynchronous, synchronous, or I/O interface 
mode. 



T - tcYC : 



1 



f XTAL 

The items not included in this list are independent of oscillator 
frequency (f X TAl_)- 

(2) Event counter mode. 

(3) Pulse width measurement mode. 

(4) Add 3T when using external program memory with programmable 
WAIT function. 

(5) 5T+5 (SCK input)(1) min for //PD7808 only. 



E 



AB 15 -AB 8 — V - ~ V"" 
ALE JT 



MODE0[IO/M] 
[Notel] 



~\ 



ADDR.-ADDR F 



30C 



ADDR n -ADDR 



~3 



\ 



ZZ$ 



mc 



/ 



^ 



tdT 



Notes: [1 ] IO/M signal is output to the MODEO pin during a read or write of special 
registers] Sr-Sr2, if MODEO is pulled up to V cc . 
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Timing Waveforms (cont) 
Write Operation 



AB, 5 -AB„ — \J \ P 

(PF 7 -RF )__A__J t 



D7-D0 
(PD 7 "■ 



v-pojDOZZZEsEjSZUOI 



J 



ADDR 8 -ADDR F 



\ 



MODEO [10/M] "Sir 

.1] V. 



[Note 1 



— 1.„— *t 



X 



Notes: [1] IO/M signal is output to the MODEO pin during a read or write of special 
registers] Sr-Sr2, if MODEO is pulled up to V cc . 



J 



XDC 



XX 



r 



Opcode Fetch Operation 



AB, 5 - AB 8 """"V/ \ ' 

(PF7-PF„)_A— r*. 



AD 7 -AD ' 
<PD 7 -PD ) . 



X 



■J? 



MODE1 [M1] 
[Note 1] 



^ 



ADDR.-ADDRp 



ADDR -ADDR 7 



— t LR — *%. 



Opcode 



u 



Notes: [1] M1 signal is output to the MODE1 pin during opcode fetch if MODE1 pin 
is pulled up to V cc . 



zf 



.j\_A_ 



> 1 



Zr 
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Timing Waveforms (cont) 

Serial Operation Transmit/Recieve Timing 











. c ..„ 




49-000546B 






"* *KKL *• 

- 


■* *KKH *" 


I 


SCK \ 




r * 


1" f 








TxD 


¥ 


X 




U™4 




RXD ;: 


:c 




'hxk 





















Hold Operation 



■ J\JlJlJ\f\J\f\f\ AJ^rLrLrLrLTLTLTL 



/ 



r 



PF 7 -PF ' 
PD 7 -PD . 



r 



\ 



< 



E 



XTAL Oscillation Circuit 



CD 

X 



C = 10pF 



External Clock Timing 



0.8V CC (--**H-^ 

Z0V~ 

0.8V 



^ 



AC Timing Test Points 



2.4V- 
0.45V" 



**%j> Test Points <Z~% 
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Instruction Set 

In addition to the basic 7800 family instruction set, the 
juPD7807/08/09 executes the following types of 
instructions: 

□ 16-bit data transfers between memory, registers, 
and extended accumulator 

□ 16-bit addition and subtraction 

□ 16-bit comparison and skip 

□ 16-bit AND, OR, XOR operation 

□ 16-bit data shift and rotation 

□ Multiply; 8-bit by 8-bit, 16-bit product (less than 8//s 
execution) 

□ Divide; 1 6-bit by 8-bit, 1 6-bit quotient, 8-bit remainder 
(less than 15 /js execution) 

□ Working register instruction for efficient RAM 
addressing, testing, and manipulating 

□ Direct bit addressing for code-efficient addressing, 
testing, and manipulating bits in RAM, port lines, 
and mode registers. 

Operand Format/Description 



Instruction Set Symbol Definitions 



Format 



rp 
rp1 
rp2 
rp3 



wa 



Description 



r V, A, B, C, D, E, H, L 

r1 EAH, EAL, B, C, D, E, H, L 

r2 A, B, C 



sr PA, PB, PC, PD, PF, MKH, MKL, SMH, SML, EOM, ETMM, 

TMM, MM, MCC, MA, MB, MC, 

MF.Tx'B.TMo.TMlWDM, MT 
sr1 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, RxB, 

PT, WDM 
sr2 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM 

sr3 ETM , ETM 1 

sr4 ECNT, ECPTO, ECPT1 

sr5 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT 



SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B, D, H 



rpa B, D, H, D+ , H + , D -, H - 

rpal B, D, H 

rpa2 B, D, H, D +, H + , D -, H -, D + byte, H + A, H + B, 

H + EA, H + byte 
rpa3 D, H, D + +, H + +, D + byte, H + A, H + B, H + EA, 

H + byte 



8-Bit immediate data 



word 16-Bit immediate data 
byte 8-Bit immediate data 
bit 8-Bit address of bit location 



CY, HC, Z 



irf NMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FSR, FST, ER, OV, 

IFE2, SB 



Symbol 


Description 


«- 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


-v- 


Exclusive OR 


— Complement 


• 


Concatenation 


Remarks 


1. sr-sr5 (special register) 



PA = Port A 

PB = Port B 

PC = Port C 

PD = Port D 

PF = Port F 

PT = Port T 

MA = Mode A 

MB = Mode B 

MC = Mode C 

MCC = Mode Control C 

MF = ModeF 

MT = ModeT 

MM = Memory Mapping 

TMq = Timer Register 

TM-| = Timer Register 1 

TMM = Timer Mode 

ETMo = Timer/Event 

Counter Register 

ETM-| = Timer/Event Counter 

Register 1 



ECNT = Timer/Event 

Counter Upcounter 

ECPTO = Timer/Event 

Counter Capture 

ECPT1 = Timer/Event 

Counter Capture 1 

ETMM = Timer/Event 

Counter Mode 

EOM = Timer/Event 

Counter Output Mode 

WDM = Watchdog Timer Mode 

TxB = Tx Buffer 

RxB = Rx Buffer 

SMH = Serial Mode High 

SML = Serial Mode Low 

MKH = Mask High 

MKL = Mask Low 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



3. rpa-rpa3 (rp addressing) 



B = (BC) 

D = (DE) 

H = (HL) 

D + = (DE) + 1 

H - = (HL) + (B) 

D - = (DE) - 1 

H - = (HL) - 1 



D + + = (DE) + 2 
H + + = (HL)+2 
D + byte = (DE) + byte 
H + A = (HL) + (A) 
H + B = (HL) + (B) 
H + EA = (HL) + (EA) 
H + byte = (HL) + byte 



4. f (flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



NMI = NMI input 
FTO = INTFTO 
FT1 = INTFT1 
F1 = INTF1 
F2 = INTF2 
FEO = INTFEO 
FE1 = INTFE1 



FEIN = INTFEIN 

FSR = INTFSR 

FST = INTFST 

ER = Error 

0V = Overflow 

IE2 = Interrupt Enable F/F2 

SB = Standby 
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Operation 


Operation Code 








State(l) 


Bytes 




Mnemonic Operand 


B1 

B3 
76543210 7 6 


B2 

B4 
5 4 3 


2 





Skip 
Condition 


8-Bit Data Transfer 


MOV r1,A (rl)."— (A) 




1 1 T 2 h T 








4 


1 





BLOCK 



D+ ((DE))-((HL)),(DE)-(DE) + 1, 
(HL)^(HL) + 1,(C) ^(C)-1 
End if borrow 



10 



13 x 
(C + D 



D- ((DE))^(HL)),(DE)-(DE)-1, 
(HL)-(HL)- 1,(C) -(C)-1 
End if borrow 



10 1 



13 x 
(C + D 



8 



A, r1 


(A) - (r1) 


1 T 2 Tt T 




4 


1 


*sr,A 


(sr) *- (A) 


10 110 1 1 


1 S5 S4 S3 S 2 S-\ So 


10 


2 





*A,sr1 (A) — (sr1) 





1 





1 


1 








1 


1 S5 S4 S3 s 2 


St 


So 


10 


2 






r.word (r) *- (word) 





1 




1 














1 1 1 R 2 
High addr 


R1 


Ro 


17 


4 












Low addr 










word.r (word) *- (r) 





1 




1 














1 1 1 1 R 2 
High addr 


Rl 


Ro 


17 


4 












Low addr 








MVI 


*r,byte (r) "— byte 

set L1 if r = A 
set LO if r 





1 




1 


R 2 


R1 


Ro 




Data 






7 


2 


L1 = 1 and r = A 
LO = 1 and r = L 




sr2,byte (sr2) — byte 





1 







1 








S3 


S 2 


Si 


So 


14 


3 












Data 










MVIW 


*wa, byte ((V)»(wa)) •«- byte 





1 




1 








1 




Offset 






13 


3 












Data 


















MVIX 


*rpa1,byte (rpal) — byte 





1 





1 





A1 


Ao 




Data 






10 


2 




STAW 


*wa ((V).(wa)) — A 





1 










1 


1 




Offset 






10 


2 




LDAW 


*wa (A) — ((V).(wa)) 




















1 




Offset 






10 


2 




STAX 


*rpa2 (rpa2) — (A) 


A 3 







1 1 


A 2 At 


Ao 




Data (2) 






7/13(3) 


2 




LDAX 


rpa2 (A) «- ((rpa2)) 


A3 







1 


A 2 At 


Ao 




Data (2) 






7/13(3) 


2 





EXX 


(B) — (B'),(C) - (C'),(D) — (D') 
(E)-(E'),(H)~MH'),(L)-(L') 


1 


1 





10 10 1111 


8 


2 


EXA 


(V) — (V'),(A) - (A'),(EA) — (EA') 


1 


1 





10 10 110 


8 


2 


EXH 


(H) - (H'),(L) - (L') 


1 


1 





10 10 1110 


8 


2 


EXR 


(V) — (V'),(A) - (A'),(B) - (B'); 
(C) — (0 (D) ~ (DO (E) ~ (EO,(H) 
~ (HO,(L) - (LO,(EA) — (EAO 


1 


1 





10 10 110 1 


8 


2 


16-Bit Data Transfer 



"0 
D 
^1 
CD 

O 

I 

00 
<0 



DMOV 



rp3, EA (rp3 L ) *~ (EAL),(rp3 H ) — (EAH) 



1 1 1 1 Pi Po 



EA,rp3 (EAL) *~ (rp3 L ),(EAH) *- (rp3 H ) 



1 1 1 Pi Pp 



Instruction Set (cont) 



o 

00 

o 

3 

00 

o 

<0 



Operation Code 



Mnemonic Operand 



Operation 



B1 

IF 
6 5 4 3 2 



1 



B2 

B4 
6 5 4 3 2 



1 



State(l) 



Skip 
Bytes Condition 



16-Bit Data Transfer (cont) 



DMOV 


sr3, EA 


(sr3) - (EA) 








1 








1 


1 


10 




Urj 


14 


2 




EA,sr4 


(EA) - (sr4) 





t 


1 








1 


1 





V1 


Vo 


14 


2 


SBCD 


word 


(word) — (C), (word + 1) *- (B) 





1 


1 














111 







20 


4 








Low addr 










High addr 








SDED 


word 


(word) *~ (E), (word + 1) — (D) 





1 


1 














10 11 







20 


4 








Low addr 










High addr 








SHLD 


word 


(word) — (L), (word + 1) — (H) 





1 


1 














1.111 







20 


4 








Low addr 










High addr 








SSPD 


word 


(word) — ■ (SP L ),(word + 1) — (SP H ) 





1 


1 














11 







20 


4 








Low addr 










High addr 








STEAX 


rpa3 


((rpa3)) - (EAL),((rpa3)) + 1 - (EAH) 








1 








1 





1 C 3 C2 


C1 


Co 


14/20(3) 


3 








Data(4) 


















LBCD 


word 


(C) — (word),(B) *- (word + 1) 





1 


1 














111 




1 


20 


4 








Low addr 










High addr 








LDED 


word 


(E) *- (word).(D) — (word + 1) 





1 


1 














10 11 




1 


20 


4 








Low addr 










High addr 








LHLD 


word 


(L) — (word)'.(H) .— (word + 1) 





1 


1 














1111 




1 


20 


4 








Low addr 










High addr 








LSPD 


word 


(SP L ) *- (word),(SP H ) — ((word) + 1) 





1 


1 














11 
High addr 




1 


20 


4 








Low addr 








LDEAX 


rpa3 


(EAL) - ((rpa3)),(EAH) *- ((rpa3) + 1) 








1 








1 





C3 C 2 


Ci 


c 


14/20(3) 


3 



Data(4) 



PUSH 


rp1 


((SP)-D— (rp1 H )((SP)-2)-(rp1 L ) 
(SP) «— (SP) - 2 


1 





1 


1 Q 2 


Q1 


Qo 








13 


1 




POP 


rp1 


(rp1 L ) - ((SP)),(rp1 H ) *- ((SP) + 1) 
(SP) *- (SP) + 2 


1 





1 


Q 2 


Q1 


Qo 








10 


1 




LXI 


*rp2,word (rp2) *- (word) 

set LO if rp2 = H 





P 2 


Pi 


P 1 
High byte 












Low byte 


10 


3 


L0 = 1and 










rp2 = H 


TABLE 




(C) — ((PC)+3+(A)),B — ((PC)+3+(A)+ 1) . 





1 





1 








1 





10 10 


17 


2 




8-Bit Arithmetic [Register] 


ADD 


A,r 


(A) *~ (A) + (r) 





1 


1 


Q 








1 


1 


R 2 R1 Ro 


8 


2 






r,A 


(r) *- (r) + (A) 





1 


1 














1 


0.0 R 2 R1 Ro 


8 


2 




ADC 


A,r 


(A)-(A) + (r) + (CY) 





1 


1 











1 


1 


1. R 2 R-i Ro 


8 


2 






r,A 


(r) <- (r) + (A) + (CY) 





1 


1 














1 


1 R 2 R1 Ro 


8 


2 





8 



Instruction Set (cont) 





Operand 


Operation 










Operation Code 














State(l) 


Bytes 




Mnemonic 


7 6 


5 4 


Bl 

B3 
3 


2 


1 





7 


6 


5 


B2 

B4 
4 


3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic [Register] (cont) 


ADDNC 


A,r 


(A) - (A) + (r) 


1 


1 



























R 2 


Ri 


Ro 


8 


2 


No carry 




r,A 


(r) - (r) + (A) 


1 


1 




























R 2 


Ri 


Ro 


8 


2 


No carry 


SUB 


A,r 


(A) - (A) - (r) 


1 


1 
















1 










R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) - (A) 


1 


1 

















1 










R 2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A) - (A) - (r) - (CY) 


1 


1 
















1 




1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) — (r) - (A) - (CY) 


1 


1 

















1 




1 





R 2 


Ri 


Ro 


8 


2 




SUBNB 


A,r 


(A) - (A) - (r) 


1 


1 





















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (r) - (A) 


1 


1 






















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A) - (A) A (r) 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) A (A) 


1 


1 


























1 


R 2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A) - (A) V (r) 


1 


1 






















1 


1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 


1 


1 























1 


1 


R 2 


R 1 


Ro 


8 


2 




XRA 


A,r 


(A) - (A) V (r) 


1 


1 






















1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r)*~(r)V(A) 


1 


1 























1 





R 2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A) - (r) - 1 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (A) - 1 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A) - (r) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r) - (A) 


1 


1 






















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A) - (r) 


1 


1 























1 


R 2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r) - (A) 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A) - (r) 


1 


1 




















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(0 - (A) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A,r 


(A) A (r) 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A)A(r) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


8-Bit Arithmetic [Memory) 






ADDX 


rpa 


(A) - (A) + ((rpa)) 


1 





























A 2 


Ai 


Ao 




2 




ADCX 


rpa 


(A) - (A) + ((rpa)) + (CY) 


1 























1 





A 2 


Ai 


Ao 




2 




ADDNCX 


rpa 


(A) - (A) + ((rpa)) 


1 





















1 








A 2 


Ai 


Ao 




2 


No carry 


SUBX 


rpa 


(A) - (A) - ((rpa)) 


1 




















1 








A 2 


Ai 


Ao 




2 




SBBX 


rpa 


(A) - (A) - ((rpa)) - (CY) 


1 




















1 


1 





A 2 


Ai 


Ao 




2 




SUBNBX 


rpa 


(A) - (A) - ((rpa)) 


1 





















1 


1 





A 2 


Ai 


Ao 




2 


No borrow 


ANAX 


rpa 


(A) - (A) A ((rpa)) 


1 



























1 


A 2 


A i 


Ao 




2 




ORAX 


rpa 


(A) - (A) V ((rpa)) 


1 
























1 


1 


A 2 


Ai 


Ao 




2 





8 



D 
00 

o 

00 

o 

<0 



Instruction Set (cont) 





Operand 


Operation 








Operation Code 












State( 1) 


Bytes 




Mnemonic 


7 6 


B1 

B3 
3 4 3 


2 


1 





7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic (Memory 


(cant) 
































XRAX 


rpa 


(A)-(A)¥((rpa)) 


1 


1 1 



















1 


A 2 


Ai 


Ao 


11 


2 




GTAX 


rpa 


(A)-((rpa))-1 


1 


1 1 
















1 


1 


A 2 


Ai 


Ao 


11 


2 


No borrow 


LTAX 


rpa 


(A) - ((rpa)) 


1 


1 1 
















1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Borrow 


NEAX 


rpa 


(A) - ((rpa)) 


1 


1 1 













1 


1 


1 


A 2 


Ai 


Ao 


11 


2 


No zero 


EQAX 


rpa 


(A) - ((rpa)) 


1 


1 1 













1 


1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 


A 2 


Ai 


Ao 


11 


2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


Immediate Data 


ADI 


*A,byte 


(A) *- (A) + byte 


1 


3 




1 











Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


1 1 













1 








R 2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) *- (sr2) + byte 


1 


1 










s 3 


1 








s 2 


Si 


So 


20 


3 








Data 










ACI 


*A,byte 


(A) — (A) + byte + (CY) 


1 


3 1 




1 











Data 








7 


2 






r,byte 


(r) — (r) + byte + (CY) 


1 


1 1 













1 





1 


R 2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) «- (sr2) + byte + (CY) 


1 


1 










s 3 


1 





1 


s 2 


St 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) — (A) + byte 





1 




1 











Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 





















R 2 


Ri 


Ro 


11 


3 


No carry 






Data 


























sr2,byte 


(sr2) — (sr2) + byte 


1 













S 3 










s 2 


Si 


So 


20 


3 


No carry 






Data 
























SUI 


*A,byte 


(A) — (A) - byte 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) - (r) - byte 


1 


1 













1 







R 2 


Ri 


Ro 


11 


3 








Data 


























sr2,byte 


(sr2) — (sr2) - byte 


1 













S 3 


1 







s 2 


St 


So 


20 


3 








Data 
























SBI 


*A,byte 


(A) «- (A) - byte - (CY) 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) — (r) - byte - (CY) 


1 


1 
Data 













1 




1 


R 2 


Ri 


Ro 


11 


3 
























sr2,byte 


(sr2) — (sr2) - byte - (CY) 


1 



Data 


1 








s 3 


1 




1 


s 2 


Si 


So 


20 


3 





Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 



B1 



B2 



B3 B4 

76543210 76543210 State(l) 



Skip 
Bytes Condition 



Immediate Data (cont) 



SUINB 


*A,byte 


(A) — (A) - byte 





1 


1 











Data 








7 


2 


No borrow 




r.byte 


(r) — (r) - byte 


1 


1 














1 


1 


R 2 


Ri 


Ro 


11 


3 


No borrow 






Data 










sr2,byte 


(sr2) «- (sr2) - byte 


1 











S 3 





1 


1 


s 2 


Si 


So 


20 


3 


No borrow 






Data 








ANI 


*A,byte 


(A) «- (A) A byte 


( 


) 


1 


1 








Data 








7 


2 






r.byte 


(r) — (r) A byte 


1 


1 

















1 


R 2 


Ri 


Ro 


11 


3 








Data 










sr2,byte 


(sr2) *- (sr2) A byte 


1 











S3 








1 


s 2 


Si 


So 


20 


3 








Data 








ORI 


*A,byte 


(A) *- (A) V byte 


( 


) 1 


1 


1 








Data 








7 


2 






r.byte 


(r)"-'(r)Vbyte 


1 


1 

















1 1 


R 2 


Ri 


Ro 


11 


3 








Data 










sr2,byte 


(sr2) — (sr2) V byte 


1 











S 3 








1 1 


s 2 


Si 


So 


20 


3 








Data 








XRI 


*A,byte 


(A)*-(A)¥byte 





) 1 


1 











Data 








7 


2 






r.byte 


(r) ^-(r)-V-byte 


1 


1 

















1 


R 2 


Ri 


Ro 


11 


3 








Data 










sr2,byte 


(sr2)-"-(sr2)¥byte 


1 











S 3 








1 


s 2 


Si 


So 


20 


3 








Data 








GTI 


*A,byte 


(A) - byte - 1 








1 


1 








Data 








7 


2 


No borrow 




r.byte 


(r) - byte - 1 


1 


1 


1 













1 


R 2 


Ri 


Ro 


11 


3 


No borrow 






Data 
























sr5,byte 


(sr5) - byte - 1 


1 


1 


1 





s 3 







1 


s 2 


Si 


So 


14 


3 


No borrow 






Data 






















LTI 


*A,byte 


(A) - byte 





1 1 


1 1 


1 








Data 








7 


2 


Borrow 




r.byte 


(r) - byte 


1 


1 1 


1 













1 1 


R 2 


Ri 


Ro 


11 


3 


Borrow 






Data 
























sr5,byte 


(sr5) - byte 


1 


1 


1 





S3 







1 1 


s 2 


Si 


So 


14 


3 


Borrow 






Data 






















NEI 


*A,byte 


(A) - byte 


1 


1 


1 1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) - byte 


1 


1 1 


1 








1 




1 


R 2 


Ri 


Ro 


11 


3 


No zero 



Data 



T! 
D 
*J 
00 

o 

00 

o 

(0 



Instruction Set (cont) 



"5= 

o 

00 

o 

00 

o 

<0 



Mnemonic Operand 



Operation 



Operation Code 



B1 



B2 



B3 B4 

7 6 5 4 3 2 10 7 6 5 4 3 2 10 State(l) 



Skip 
Bytes Condition 



Immediate Data (cont) 



NEI 


sr5,byte 


(sr5) - byte 






1 


1 
Data 


1 





S 3 1 


1 





1 


s 2 


Si 


So 


14 


3 


No zero 




















EQI 


*A,byte 


(A) - byte 






1 


1 1 


1 1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) - byte 






1 


1 1 


1 





1 


1 


1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr5,byte 


(sr5) - byte 






1 


1 


1 





S3 1 


1 


1 


1 


s 2 


Si 


So 


14 


3 


Zero 






Data 






















ONI 


*A,byte 


(A) A byte 






1 





1 1 


1 






Data 








7 


2 


No zero 




r.byte 


(r) A byte 






1 


1 1 


t 





1 








1 


R 2 


Ri 


Ro 


11 


3 


No zero 






Data 
























sr5,byte 


(sr5) A byte 






1 


1 


1 





s 3 1 








1 


S 2 


Si 


So 


14 


3 


No zero 






Data 






















OFFI 


*A,byte 


(A) A byte 






1 


1 


1 


1 






Data 








7 


2 


Zero 




r,byte 


(r) A byte 






1 


1 1 








1 





1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr5,byte 


(sr5) A byte 






1 


1 








S3 1 





1 


1 


S 2 


Si 


So 


14 


3 


Zero 






Data 






















Working Register 






ADOW 


wa 


(A)-(A) + ((V).(wa)). 




1 


1 1 




























14 


3 








Offset 






















ADCW 


wa 


(A)*-(A) + ((V).(wa)) + (CY) 


1 


1 1 













1 














14 


3 








Offset 






















ADDNCW 


wa 


(A)-(A) + ((V).(wa)) 




1 


1 1 










1 

















14 


3 


No carry 






Offset 






















SUBW 


wa 


(A)*-(A)- 


((V).(wa)) 




1 


1 1 










1 

















14 


3 








Offset 






















SBBW 


wa 


(A)*"(A)- 


((V).(wa)) - 


-(CY) 


1 


1 1 










1 


1 














14 


3 








Offset 






















SUBNBW 


wa 


(A)-(A)- 


((V).(wa)) 




1 


110" 








1 


1 


1 














14 


3 


No borrow 






Offset 






















ANAW 


wa 


(A)-(A)A((V).(wa)) 




1 


1 1 








1 








1 











14 


3 





Offset 



8 



iu 



Instruction Set (cont) 





Operand 


Operation 










Operation Code 












State(l) 


Bytes 




Mnemonic 


7 


6 


5 


B1 

B3 
4 3 2 1 





7 6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


Working Register (cont) 


ORAW 


wa 


(A) - (A) V ((V).(wa)) 









1 








1 





1 











14 


3 












Offset 




















XRAW 


wa 


(A) *- (A) V ((V).(wa)) 









1 








1 





1 











14 


3 












Offset 




















GTAW 


wa 


(A) - ((V).(wa)) - 1 









1 








1 


1 


1 











14 


3 


No borrow 










Offset 




















LTAW 


wa 


(A) - ((V).(wa)) 









1 








1 


1 


1 











14 


3 


Borrow 










Offset 




















NEAW 


wa 


(A)-((V).(wa)) 









1 








1 1 


1 














14 


3 


No zero 










Offset 




















EQAW 


wa 


(A) - ((V).(wa)) 









1 








1 1 


1 


1 











14 


3 


Zero 










Offset 




















ONAW 


wa 


(A) A ((V).(wa)) 









1 








1 1 

















14 


3 


No zero 










Offset 




















OFFAW 


wa 


(A)A((V).(wa)) 









1 








1 1 





1 











14 


3 


Zero 










Offset 








ANIW 


*wa,byte 


((V).(wa)) — ((V).(wa)) A byte 























Offset 








19 


3 












Data 




















ORIW 


*wa,byte 


((V).(wa)) — ((V).(Wa)) V byte 











1 











Offset 








19 


3 












Data 




















GTIW 


*wa,byte 


((V).(wa)) - byte - 1 








1 














Offset 








13 


3 


No borrow 










Data 




















LTIW 


*wa,byte 


((V).(wa)) - byte 








1 


1 











Offset 








13 


3 


Borrow 










Data 




















NEIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 














Offset 








13 


3 


No zero 










Data 




















EQIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 


1 











Offset 








13 


3 


Zero 










Data 




















ONIW 


*wa,byte 


((V).(wa)) A byte 





1 

















Offset 








13 


3 


No zero 










Data 




















OFFIW 


*wa,byte 


((V)«(wa)) A byte 





1 





1 
Data 











Offset 








13 


3 


Zero 



















8 



O 
00 

o 

00 
<0 




Instruction Set (cont) 





Operand 


Operation 














Operation Code 














State(l) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


5 


b: 

4 


\ 

3 


2 


1 





Skip 
Condition 


16-Bit Arithmetic 


EADD 


EA,r2 


(EA) — (EA) + (r2) 


























1 














Ri 


Ro 




2 




DADD 


EA,rp3 


(EA)-(EA) + (rp3) 
























1 











1 


Pi 


Po 




2 




DADC 


EA,rp3 


(EA)*-(EA) + (rp3) + (CY) 
























1 





1 





1 


Pi 


Po 




2 




DADDNC 


EA,rp3 


(EA)-(EA) + (rp3) 



































1 


Pi 


Po 




2 


No carry 


ESUB 


EA,r2 


(EA)-(EA)-(r2) 


























1 













Ri 


Ro 




2 




DSUB 


EA,rp3 


(EA)-(EA)-(rp3) 
























1 










1 


Pi 


Po 




2 




DSBB 


EA,rp3 


(EA)-(EA)-(rp3)-(CY) 
























1 




1 





1 


Pi 


Po 




2 




DSUBNB 


EA,rp3 


(EA)-(EA)-(rp3) 





























1 





1 


p-l 


Po 




2 


No borrow 


DAN 


EA,rp3 


(EA) *- (EA) A (rp3) 

































1 


1 


Pi 


Po 




2 




DOR 


EA,rp3 


(EA) - (EA) V (rp3) 






























1 


1 


1 


Pi 


Po 




2 




DXR 


EA,rp3 


(EA)-(EA)¥(rp3) 






























1 





1 


Pi 


Po 




2 




DGT 


EA,rp3 


(EA) - (rp3) - 1 



























1 





1 


1 


Pi 


Po 




2 


No borrow 


DLT 


EA,rp3 


(EA)-(rp3) 



























1 


1 


1 


1 


p-l 


Po 




2 


Borrow 


ONE 


EA,rp3 


(EA) - (rp3) 
























1 


1 





1 


1 


Pi 


Po 




2 


No zero 


DEQ 


EA,rp3 


(EA) - (rp3) 
























1 


1 


1 


1 


1 


Pi 


Po 




2 


Zero 


DON 


EA,rp3 


(EA) A (rp3) 
























1 








1 


1 


Pi 


Po 




2 


No zero 


DOFF 


EA,rp3 


(EA) A (rp3) 
























1 





1 


1 


1 


Pi 


Po 




2 


Zero 


Multiply/Divide 


MUL 


r2 


(EA) — (A) x (r2) 













1 

















1 





1 


1 


Ri 


Ro 


32 


2 




DIV 


r2 


(EA) — (EA) -s- (r2), (r2) «- Remainder 













1 

















1 


1 


1 


1 


Ri 


Ro 


59 


2 




Increment/Decrement 


INR 


r2 


(r2) — (r2) + 1 





1 














Ri 


Ro 


















4 


1 


Carry 


INRW 


*wa 


((V).(wa)) — ((V).(wa)) + 1 








1 























Offset 








16 


2 


Carry 


INX 


rp 


(rp) — (rp) + 1 








Pi 


Po 








1 





















7 


1 






EA 


(EA)«-(EA) + 1 


1 





1 





1 



























7 


1 




DCR 


r2 


(r2) «- (r2) - 1 





1 





1 








Ri 


Ro 


















4 


1 


Borrow 


DCRW 


wa 


((V).(wa))-((V).(wa))-1 








1 


1 




















Offset 








16 


2 


Borrow 


DCX 


rp 


(rp) - (rp) - 1 








Pi 


Po 








1 


1 


















7 


1 






EA 


(EA) — (EA)-1 


1 





1 





1 








1 


















7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 


1 














1 


















4 


1 




STC 




(CY) — 1 





1 








1 

















1 





1 





1 


1 


8 


2 




CLC 




(CY) — 





1 








1 

















1 





1 





1 





8 


2 




CMC 




(CY) «- (CY) 





1 








1 











1 





1 





1 





1 





8 


2 





"0 
O 

00 

o 

I 

00 
<0 



8 



Instruction Set (cont) 





Operand 


Operation 
















Operation Code 












State( 1) 


Bytes 




Mnemonic 


7 1 


i 5 


4 


B1 

B3 
3 


2 


1 





7 


6 


B2 

B4 
5 4 


3 


2 


1 





Skip 
Condition 


Others fcont) 


NEGA 




(A) - (A) + 1 















1 

















1 1 


1 





1 





8 


2 




Rotate and Shift 


RLD 




Rotate left digit 
































1 1 


1 











17 


2 




RRD 




Rotate right digit 
































1 1 


1 








1 


17 


2 




RLL 


r2 


(r2 m + 1 )-(r2 m ),(r2 )- 
(CY) - (r2 7 ) 


(CY), 






























1 1 





1 


Ri 


Ro 


8 


2 




RLR 


r2 


(r2 m _ 1 )-(r2 m ),(r2 7 )- 
(CY) - (r2o) 


(CY), 






























1 1 








Ri 


Ro 


8 


2 




SLL 


r2 


■(r2 m + 1 )*-(r2 m ),(r2o)^ 


0, (CY) * 


" (r2 7 ) 




























1 





1 


Ri 


Ro 


8 


2 




SLR 


r2 


(r2 m _ 1 )-(r2 m ),(r2 7 )*- 


0, (CY) * 


- (r2n) 




























1 








Ri 


Ro 


8 


2 




SLLC 


r2 


(r2 m + 1 )-(r2 m ),(r2 )- 


0, (CY) * 


- (r2 7 ) 


































1 


Ri 


Ro 


8 


2 


Carry 


SLRC 


r2 


(r2 m -i)+-((2 m ),(r2 7 )~- 


0, (CY) * 


- (r2 ) 





































Ri 


Ro 


8 


2 


Carry 


DRLL 


EA 


(EA n + 1 )-(EA n ),(EA )- 
(CY) - (EA 15 ) 


" (CY), 
























1 





1 1 





1 








8 


2 




DRLR 


EA 


(EA n _i)*-(EA n ),(EA 15 )* 
(CY) - (EA ) 


- (CY), 
























1 





1 1 














8 


2 




DSLL 


EA 


(EA n + 1 )-(EA n ),(EA )- 
(CY) - (EA 15 ) 


-o, 
























1 





1 





1 








8 


2 




DSLR 


EA 


(EA n _ 1 )-(EA n ),(EA 15 )* 
(CY) - (EA ) 


-o, 
























1 





1 














8 


2 




Jump 


JMP 


*word 


(PC) — word 












1 1 
High addr 












Low addr 








10 


3 






















JB 




(PC H ) *~ (B),(PCl) - (C) 









) 1 














1 
















4 


1 




JR 


word 


(PC) — (PC) + 1+jdisp1 






1 


«— 


— jdispl - 




















10 


1 










JRE 


*word 


(PC)*-(PC) + 2 + jdisp 















1 


1 


1 


*- — 






jdisp - 








10 


2 












JEA 




(PC) *- (EA) 















1 

















1 


1 











8 


2 




Call 


CALL 


*word 


((SP)-1)*-((PC) + 3) H , 
((SP)-2)-((PC) + 3) L 
(PC) — word, (SP) — (SP) 


-2 











High addr 












Low addr 








16 


3 






















CALB 




((SP)-1)-((PC) + 2) H , 
((SP)-2)-((PC) + 2) L 
(PC H ) *" (B) (PC L ) <- (C), 
(SP) — (SP) - 2 















1 

















1 


1 








1 


17 


2 




CALF 


'word 


((SP)-1)-((PC) + 2) H , 
((SP)-2) — ((PC) + 2) L 
(PC 15 .n)^ 00001, 
(PC 10 . ) - ta, (SP) - (SP 


-2 







1 


1 


1 






















13 


2 














(a 













8 



H 
D 

00 

o 

00 

s 

o 

(0 




Instruction Set (cont) 





Operand 


Operation 












Operation Code 






State(l) 


Bytes 




Mnemonic 


7 


6 


5 


B1 

B3 
4 3 


2 


1 





7 6 


B2 

B4 
5 4 3 2 





Skip 
Condition 


Call (cont) 


CALX 


word 


((SP)-1)-((PC) + 1)h, 
((SP)-2)*-((PC) + 1) L 
(PC L )^(128 + 2ta),(PC H )^ 
(129 + 2ta),(SP) — (SP) - 2 


1 










ta 












16 


1 










SOFTI 




((SP)-1)«!-(PSW),((SP)-2) — 
((PC) + 1) H ,((SP)-3)-((PC) + 1) L( 
(PC) — 0060H,(SP) *- (SP) - 3 





1 


1 


1 





1 











16 


1 




Return 


RET 




(PCl)^((SP)),(PC h )-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 


1 1 

















10 


1 




RETS 




(PCU - ((SP)),(PC H ) - ((SP) + 1) 
(SP) — (SP) + 2,(PC) — (PC) + n 


1 





1 


1 1 








1 








10 


1 


Unconditional 
Skip 


RETI 




(PC L )-((SP)),(PC H )-((SP) + 1) 
(PSW) *- ((SP) + 2), (SP) — (SP) + 3 





1 


1 








1 











13 


1 





Bit Manipulation 



•5= 

O 
00 

o 

00 

o 
(0 



MOV 


*CY, bit 


(CY) - (bit) 








1 1 


1 


1 


Bit Addr 


10 


2 






*bit CY 


(bit) — (CY) 


1 





1 


1 





Bit Addr 


13 


2 




AND 


*CY,bit 


(CY) — (CY) A (bit) 


1 








1 


Bit Addr 


10 


2 




OR 


*CY, bit 


(CY) «- (CY) V bit 


< 





1 1 








Bit Addr 


10 


2 




XOR 


*CY, bit 


(CY) — (CY) V (bit) 








1 1 


1 





Bit Addr 


10 


2 




SETB 


'bit 


(bit) - 1 


1 





1 








Bit Addr 


13 


2 




CLR 


•bit 


(bit) — 








1 


1 


1 


Bit Addr 


13 


2 




NOT 


•bit 


(bit) - (bit) 








1 





1 


Bit Addr 


13 


2 




SK 


•bit 


Skip if (bit) = 1 








1 1 





1 


Bit Addr 


10 


2 


(bit) = 1 


SKN 


•bit 


Skip if (bit) = 

















Bit Addr 


10 


2 


(bit) = 



8 



Instruction Set (cont) 



8 



Operation Code 



Mnemonic Operand 



Operation 



B1 

B3 
6 5 4 3 2 



B2 

B4 
7 6 5 4 3 2 10 



State(l) 



Bytes 



Skip 
Condition 



CPU Control 


SK 


f 


Skip if f = 1 





1 








1 























1 


F 2 


Fi 


F 


8 


2 


f = 1 


SKN 


f 


Skip if f = 





1 








1 




















1 


1 


F 2 


Fi 


Fo 


8 


2 


f = 


SKIT 


irf 


Skip if irf = 1, then reset irf 





1 








1 














1 





u 


l3 


l2 


11 


lo 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 
Reset irf if irf = 1 





1 








1 














1 


1 


u 


"3 


"2 


"1 


Irj 


8 


2 


irf = 


NOP 




No operation 










































4 


1 




El 




Enable interrupt 


1 





1 





1 





1 





















4 


1 




Dl 




Disable interrupt 


1 





1 


1 


1 





1 





















4 


1 




HLT 




Halt 





1 








1 

















1 


1 


1 





1 


1 


11 


2 





Notes: 

(1 ) In the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte instruction: 11 states 4-byte instruction: 14 states 

(2) B2 (Data): rpa2 = D + byte, H + byte 

(3) Right side of slash ( / ) in states indicates case rpa2, rpa3 = D + byte, H + A, H + B, H + EA, H + byte 

(4) B3 (Data): rpa3 = D + byte, H + byte 
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//PD78P09 

HIGH-END, 8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTER 

WITH COMPARATOR AND 8K EPROM 



Description 

The //PD78P09 single-chip microcomputer augments 
the high-end NEC family of 8-bit microcomputers with 
on-chip peripheral functions. Like the //PD7809, the 
device has a fast internal 16-bit ALU and data paths, 
256 bytes of RAM, a multifunctional 16-bit timer/event 
counter, two 8-bit timers, a USART, and two zero-cross 
detect inputs. 

Other features are 8K EPROM, a programmable 
threshold comparator (8 inputs), a programmable 
WAIT function, a watchdog timer, hold and ho|d 
acknowledge for DMA interfaces, and bit test/write 
instructions for both RAM and I/O. 

The//PD78P09 is a monolithic EPROM version of the 
//PD7809. It can be used for prototyping //PD7809 and 
//PD7808 applications. 

Features 

□ NMOS silicon gate technology requiring +5 V power 
supply 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 8K EPROM 

— 256-byte RAM 

□ Large I/O capability 

— 40 I/O port lines 

□ Two zero-cross detect inputs 

□ Expansion capabilities (64K memory access total) 

— 8085A bus-compatible 

— 56K-byte external memory address range 

— (60Kforthe//PD7808) 

□ Programmable threshold comparator 

— Eight inputs, 16 software-selectable reference 
levels 

□ Full duplex USART 

— Synchronous and asynchronous 

□ 165 instructions 

— 16-bit arithmetic, multiply and divide 

□ 1 //s instruction cycle time 

□ Prioritized interrupt structure 

— Three external 

— Eight internal 

□ Hold, hold acknowledge for DMA interface 

□ Programmable WAIT function 

□ Watchdog timer 

□ Standby function 

□ On-chip clock generator 

□ 64-pin ceramic QUIP 



Pin Configuration 















PAo 


1 


w 


64 


vcc 


PAi 








VDD 




PA 2 


3 




62 


PD7 




PA 3 








PD 6 




PA 4 


5 




60 


PD 5 




PA 5 








PD4 




PA 6 


7 




58 


PD3 




PA 7 








PD2 




PBo/PHOG 


9 




56 


PD1 




PBi/PHD 








PDo 




PB 2 


11 




54 


PF7 




PB3 








PF6 




PB 4 


13 




52 


PP5 




PB 5 








PF4 




PB 6 


15 





50 


PF3 




PB 7 




a. 
00 




PF2 




PCo/TxD 


17 


a 


48 


PF1 




PC-i/RxD 




a. 

3. 




PFo 




PC2/SCK 


19 




46 


ALE 




PC3/INT2 








Wfi 




PC4/TO 


21 




44 


RD 




PC5/CI 








HLDA 




PC 6 /CO 


23 




42 


HOLD 




PC7/CO1 








PT7 




NMI 


25 




40 


PT6 




INT1 








PT 5 




MODE1 


27 




38 


PT4 




RESET/Vpp 








PT3 




MODE0 


29 




36 


PT 2 




X2 








PTi 




X1 


31 




34 


PTo 




Vss 








Vrth 


83-003827A 













E 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


A/PD78P09R 64-pin ceramic QUIP 
with quartz window 


12 MHz 
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Pin Identification 


No. 


Symbol 


Function 


1-8 


PA0-PA7 


Port A I/O 


9-16 


PB0-PB7/ 
PROG/PRD 


Port B I/O 


17 


PC /TxD 


Port C I/O line O/Transmitdata output 


18 


PCi/RxD 


Port C I/O line 1 /Receive data input 


19 


PC2/SCK 


Port C I/O line 2/Serial clock I/O 


20 


PC3/TI/ 
INT2 


Port C I/O line 3/Timer input/Interrupt 
request 2 input 


21 


PC4/TO 


Port C I/O line 4/Timer output 


22 


PC5/CI 


Port C I/O line 5/Counter input 


23, 24 


PC 6 , pc 7 / 

COo, C0 1 


Port C I/O lines 6, 7/Counter outputs 0, 1 


25 


NMI 


Nonmaskable interrupt input 


26 


INT1 


Interrupt request 1 input 


27 


M0DE1 


Mode 1 input/ memory cycle 1 output 


28 


RESET/Vpp 


Reset input/ Vpp input 


29 


MODE0 


Mode input/l/O/memory output 


30, 31 


X2, X1 


Crystal connections 1,2 


32 


v S s 


Ground 


33 


Vrth 


Port T threshold voltage input 


34-41 


PT0-PT7 


Port T variable threshold input port 


42 


HOLD 


Hold request input 


43 


HLDA 


Hold acknowledge output 


44 


RD 


Read strobe output 


45 


WR 


Write strobe output 


46 


ALE 


Address latch enable output 


47-54 


PF0-PF7 


Port F I/O 


55-62 


PD0-PD7 


Port D I/O 


63 


Vdd 


RAM backup power supply 


64 


Vcc 


5 V power supply 



Pin Functions 

PA0-PA7 [Port A] 

Port A is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port A inputs. Port A inputs the 
low 8 bits of the address during EPROM programming/ 
reading. 



PB0-PB7 [Port B] 

Port B is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port B inputs. PB inputs the 
PRUCa signal during EPROM programming; PB1 inputs 
PRD when the EPROM is programmed or read. 

PC0-PC7 [Port C] 

Port C is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Alternatively, the lines of port C can be used as control 
lines for the USART and timer. Reset puts all lines of 
port C in port mode as input lines. 

TxD [Transmit Data]. Serial data output terminal. 

RxD [Receive Data]. Serial data input terminal. 



SCK [Serial Clock]. Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

Tl [Timer Input], Timer input terminal. 



INT2 [Interrupt Request 2]. Falling-edge-triggered, 
maskable interrupt input terminal and AC-input, zero- 
cross detection terminal. 

TO [Timer Output]. The output of TO is a square wave 
with a frequency determined by the timer. 

CI [Counter Input]. External pulse input to timer/event 
counter. 

COo, CO1. [Counter Outputs 0, 1]. Programmable 
rectangular-wave outputs based on timer/event 
counter. 

PD0-PD7 [Port D] 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When 
external expansion memory is used, port D acts as the 
multiplexed address/data bus. 

PF0-PF7 [Port F] 

Port F is an 8-bit three-state port. Each bit is 
independently programmable as an input or output. 
When external expansion memory is used, port F 
outputs the high-order address bits; it inputs the high- 
order address bits during EPROM programming. 

PT0-PT7 [Port T] 

Port T is made up of eight variable threshold inputs. 
The input of each line is compared to a threshold 
voltage. 
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Vrth [Variable Threshold Reference Voltage] 

V RTH is the reference voltage that the port T threshold 
voltage is derived from. 

NMI [Nonmaskable Interrupt] 

Falling-edge-triggered nonmaskable interrupt input. 

INT1 [Interrupt Request 1] 

INT1 is a rising-edge-triggered, maskable interrupt 
input. It is also an AC-input, zero-cross detection 
terminal. It can also latch contents of the 16-bit 
timer/event counter into the ECPT1 capture register. 



RESET [Reset] 

When the RESET input is brought low, it initializes the 
yuPD78P09. 

MODE1, MODEO [Mode 1, 0] 

The MODE1 and MODEO inputs set the operating 
mode to either program read EPROM or normal opera- 
tion (see table 1.) 



Table 1. 


Operating Mode Selection 


Model 


ModeO 


Operation 








EPROM program/read 





1 


Reserved 


1 





Normal operation 


1 1 Outputs control signals synchronized 
with ALE 



HOLD [Hold Request] 

When the HOLD input is high, the CPU is put in a hold 
state until HOLD is brought low. 

HLDA [Hold Acknowledge] 

TheCPU brings the HLDA output high when itisinthe 
hold state, and low when the hold is released. 

RD [Read Strobe] 

The RD output goes low to gate data from external 
devices onto the data bus. RD goes high during reset. 
Three-state. 

WR [Write Strobe] 

The WR output goes low to indicate that the data bus 
holds valid data. It is a strobe signal for external 
memory or I/O write operations. WR goes high during 
reset. Three-state. 



ALE [Address Latch Enable] 

The ALE output latches the address signal to the 
output of PD -PD 7 . 

X1, X2 [Crystal Connections 1, 2] 

X1 and X2 are the system clock crystal oscillator 
terminals. X1 is the input for an external clock. 

Vss [Ground] 

Ground potential. 

Vdd [Backup Power] 

Backup power for on-chip RAM. The //PD78P09 will 
not function without power applied to Vdd- 

Vcc [Power Supply] 

+5 V power supply. 

Vpp 

Programming voltage input when in programming 
mode. 

Functional Description 

Input/Output 

The/uPD78P09 has eight comparator input lines (port 
T) and 40 digital I/O lines; five 8-bit ports (port A, port 
B, port C, port D, port F). 

Comparator Input Lines. PT -PT 7 are configured as 
variable-threshold comparator input lines. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output. 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. 

Port D. Port D can be programmed as a byte input or a 
byte output. 

Control Lines. Under software control, each line of port 
C can be configured individually to provide control 
lines for the serial interface, timer, and timer/counter. 

Memory Expansion. In addition to the single-chip 
operation mode, theyuPD78P09 has four memory expan- 
sion modes. Under software control, port D can provide 
a multiplexed low-order address and data bus; port F 
can provide a high-order address bus. Table 2 shows 
the relation between memory expansion modes and 
the pin configurations of port D and port F. 



E 
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Block Diagram 





Osc. 


Y n O » 





PC /TxD < 
PC,/RxD ( 



Interrupt 
Control 



(3 



PC 5 /CI 
PC 6 /CO 
PC 7 /C0, 



Timer 

Event 

Counter 



-ft 



PortT 
(Comparator) 



fe 
fe 



Main 
G.R. 



EPROM 
Program 
Memory 
8K-byte 



Wf 



~z^>: 



<~> 



^z. 



Data 
Memory 
(256-byte) 



Internal Data Bus 



Latch I I Latch 



i> 



(8/16) 



fcs> 



<*> 



Inst. Reg. 



Inst. 
Decoder 



fa 



t£> 



V 



& 



(AD 



-PD 
,-AD ) 



O 



<# 



ft> 



8 > PA 7 -PA 



Hold 
Control 


Read/Write 
Control 


System 
Control 


Standby 
Control 



TTTTTTTTTF1 



HOLD HLDA RD WR/& &> ALE «> *? a«« 



V DD V cc V s 
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Table 2. Memory Expansion Modes and Port 
Configurations 



Memory 
Expansion 




Port Configuration 


None 


PortD 
Port F 


I/O port 
I/O port 


256 Bytes 


PortD 
PortF 


Multiplexed address/data bus 
I/O port 


4K Bytes 


PortD 
Port F -F 3 
Port F4-F7 


Multiplexed address/data bus 
Address bus 
I/O port 


16K Bytes 


PortD 
Port F -F 5 
Port F 6 -F 7 


Multiplexed address/data bus 
Address bus 
I/O port 


56K Bytes 


PortD 
PortF 


Multiplexed address/data bus 
Address bus 



Timers 

The timers consist of two 8-bit timers. The timers may 
be programmed independently or may be cascaded 
and used as a 16-bit timer. The timer can be software 
set to increment at intervals of four machine cycles 
(1 fjs at 12 MHz operation) or 128 machine cycles (32/ys 
at 12 MHz), or to increment on receipt of a pulse at Tl. 
Figure 1 is the block diagram for the timer. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 
2) can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable square-wave output 



Figure 1. Timer Block Diagram 



pcyno — £>- 



Comparator 




r 



Timer/Event 
Counter 



Upcounter 



Timer Register 1 
(TM1) 







I 



Motes: «|> 3 =J XTAL x 

f l } 12 = 'xTAL : 



System Clock Frequency (MHz) 
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Figure 2. Timer/Event Counter Block Diagram 



^> 



Timer/Event Counter 
Capture Register 



7^ 



PC 5 /CI o- 



^> 



Timer/Event Counter 
Capture Register 1 



<^: 



Reset 
Control 



Timer/Event Counter 
Upcounter (ECPNTO) 



Reset 
Control 



i£ 



Comparator 



3± 



Timer/Event 
Counter Register 1 



:<~>: 



Timer/Event 
Counter Register 



Mode Registers 
ETMM, EOM 



1Z 



CP, 



Edge 
Detect 



-*- INTEO 
-*- INTE1 
-»- INTEIN 



Table 3. Interrupt Sources 



Interrupt 
Request 


Interrupt 
Address 


Type of Interrupt 


Internal/ 
External 


IRQO 


4 


NMI (Nonmaskable interrupt) 


Ext 




INTWD (Watchdog timer) 


Int 


IRQ1 


8 


INTTO (Coincidence signal from 
timer 0) 


Int 




INTT1 (Coincidence signal from 
timer 1) 




IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


Ext 


IRQ3 


24 


INTEO (Coincidence signal from 
timer/event counter) 


Int 




INTE1 (Coincidence signal from 
timer/event counter) 




IRQ4 


32 


INTEIN (Falling signal of CI and 
TO counter) 


Int/ Ext 


IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Int 



Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and eight are internal. Table 3 shows 11 
interrupt sources divided into six priority levels. See 
figure 3. 

Standby Function 

The standby function saves the top 32 bytes of RAM with 
backup power (Vqd) if the main power (Vqc) fails. On 
power up, you can check the standby flag to determine 
whether recovery was made from standby mode or from 
a cold start. 

Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfer* data MSB first, for easy 
interfacing to certain NEC peripheral devices. 
Synchronous and asynchronous modes transfer data 
LSB first. Synchronous operation offers two modes of 
data reception: search and nonsearch. In the search 
mode, data is transferred one bit at a time from the 
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serial register to the receive buffer. This allows a 
software search for a sync character. In the nonsearch 
mode, data transfer from the serial register to the 
transmit buffer occurs eight bits at a time. In asyn- 
chronous mode, the serial interface can act as a full- 
duplex USART with data transfer rates up to 125 kb/s. 
Figure 4 shows the universal serial interface block 
diagram. 

Zero-Crossing Detector 



The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low- 
frequency ACsignals. When driven directly, these pins 
respond as a normal digital input. Figure 5 shows the 
zero-crossing detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
approximately 1-3 VAC (peak-to-peak) and a maximum 
frequency of 1 kHz is coupled through an external 
capacitor to the INT1 and INT2 pins. 

For the INT1 pin, the internal digital state is sensed as a 
until the rising edge crosses the average DC level, 
when it becomes a 1 and INT1 interrupt is generated. 



For the INT2 pin, the state is sensed as a 1 until the 
falling edge crosses the average DC level, when it 
becomes a and INT2 interrupt is generated. 

Variable Threshold Input Port [Port T] 

Port T has the following features: 

• 8 input lines 

• 16 threshold levels from 1/16 to 16/16 of reference 
voltage (V RTH ) 

• Level selected by writing to mode T register 
(figure 7) 

• Output of comparator port bit reads until voltage at 
pin exceeds selected level 

• Comparison execution time: 12 //s 

Figure 6 shows the block diagram for the threshold 
variable input port. Figure 7 shows the mode T register 
format. 

Watchdog Timer 

Use the watchdog timer for software or overall perfor- 
mance safety checks. If the watchdog is enabled, it 
must be cleared at regular intervals in program execu- 
tion to avoid watchdog interrupts. Intervals are software 
selectable via the WDM register. Figure 8 shows the 
block diagram for the watchdog timer. 



Figure 3. Interrupt 
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INTSR -» 
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NMIO. 
INTWD-* 
INTT0- 
INTT1- 
INT1Q*] 8 
INT20* 5 
INTE0-* _. 
INTE1 -» 8 A- 
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Figure 4. Universal Serial Interface Block Diagram 
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Figure 5. Zero-Crossing Detection Circuitry 
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Figure 6. Threshold Variable Input Port 



Figure 7. Mode T Register Format 
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Specification of 16 Threshold Levels 


















V BTH x'W. 













1 


V RTH x'/i6 








1 





V RTH x% 6 








1 


1 


v BTH xyi6 





1 








v RTH xyi 6 





1 





1 


v RTH xyi6 





1 


1 





V RTH xWe 





1 


1 


1 


v RTH xyie 

















V RTH xVi6 












1 


Vrth**» 







1 





V RTH x'% 6 







1 


1 


V RTH x"/,6 




1 








V nTH x'*i. 




1 





1 


V RTM X 'Vie 




1 


1 





V RTH X'Vi 6 




1 


1 


1 


V RTH x^6 






49-0012 


19A 



Figure 8. Watchdog Timer Block Diagram 



^O 



Note: <t> 384 = f XTAL x Vw 
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Bit Address Instructions 

The following bits may be addressed directly with 
certain instructions: 

• Any bit in the first 16 bytes of memory addressed by 
the V register 

• Any bit in the five 8-bit I/O ports (A, B, C, D, F) 

• Any bit in the comparator port 

• Any bit in the following special registers: interrupt 
mask, serial mode high, timer mode, timer/event 
counter output control. 

An addressed bit may be tested, set, cleared, or comple- 
mented. It also may be moved to or from the carry flag. 
An addressed bit may be ANDed, ORed, and XORed 
with the carry flag. 

Absolute Maximum Ratings 



Power supply voltages, Vrjc 


-0.5 to +7.0 V 


Vdd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to +7.0 V 


Output voltage, V 


-0.5 to +7.0 V 


Output current low, Iql 
Each output pin 
Total, all output pins 


4.0 mA 
100 mA 


Output current high, Iqh 
Each output pin 
Total, all output pins 


-0.5 mA 
-20 mA 


Operating temperature, Tqpr 


-10 to +50 °C 


Storage temperature, T S tg C"PD7807/09) 


-65 to +150 °C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input capacitance 


C| 






10 


PF 


f c = 1 MHz. 


Output 
capacitance 


Co 






20 


P F 


Unmeasured 
pins returned 
toOV. 


I/O capacitance 


Cio 






20 


PF 





DC Characteristics 

T A = -10 to +50 °C; V cc = +5.0 V ±5%; V ss = V; 
V CC -0.8V<V DD <Vcc 





Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max Unit 


Conditions 


Input low 
voltage 


V|L 





0.8 V 





Input high 
voltage 



V|H1 



2.0 



V C C 



V All exc ept SCK, 
RESET, X1,X2 
(Note 2) 



V|H2 0.8 V CC 



V C c V SCK,X1,X2 





V|H3 


0.8 V DD 




Vcc 


V 


RESET 


Output low 
voltage 


Vol 






0.45 


V 


Iol = 2.0 mA 


Output high 
voltage 


V0H 


2.4 






V 


l H = -200//A 


Input current 


ll 






±200 


//A 


INT1,TI(PC 3 ); 
+ 0.45 V < V| 

^v cc 


Input leakage 
current 


Ili 






±10 


//A 


All except 

INT1,TI(PC 3 ) 

0V<V|<V cc 


Output leakage 
current 


Ilo 






±10 


MA 


+0.45 V<V 

^v cc 


Vrth input 
current 


Irth 




0.2(1) 


0.5 


mA 


Vrth = Vcc 


V DD supply 
current 


■dd 




1.5(1) 


3.2 


mA 




V C c supply 
current 


ice 




240(1) 


320 


mA 






Note: 

(1) T A = 25 °C: V CC = V D D = +5.0 V 

(2) External clock drive circuit, see figure 9. 

Figure 9. External Clock Input 



->o- 
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Hold Operation 

T A = -10 to +50°C; V CC = +5-0 V ±5%; V S s = V; V cc - 0.8 V < 
V DD- V CC 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


HOLD t setup 
time to ALE T 


tSHOL 


2T + 
150 






ns 




ALE t to 
HLDAt delay 


l DLHA 






T + 
150 


ns 




HLDAttobus 
floating 


tFBHA 









ns 




HOLD 1 to 
HLDAi delay 


tHDDA 


T-50 




4T + 
150 


ns 




HLDA 1 to bus 
enable time 


tEHAB 









ns 




Bus setup time 
to ALE 


tBL 


2T- 
100 






ns 





Comparator Characteristics 



T A = +10to+70 
V DD — V CC 


'C; V CC = 


+5.0 V ±10%; 


V ss = V; V ec - 0.8 V < 




Symbol 




Limits 


Test 


Parameter 


Min 


Typ 


Max Unit Conditions 


Comparison 
accuracy 


Vacomp 






±100 mV 


Threshold 
voltage 


VtH; 







v C c v 

+ 0.1 


Comparison time 


tcOMP 


144 




145 tcYC 


PT input voltage 


VlPT 







v cc v 



External Clock 

T A = -1 to +50 °C; V CC = + 50 v ±5% ; V SS = OV; V cc - 0.8 V < 
V DD — V CC 





Symbol 


Limits 


Test 


Parameter 


Min Max Unit 


Conditions 


High level width 


t<t>H 


30 250 ns 




Low level width 


ttpL 


30 250 ns 




Rising time 


tr 


30 ns 




Falling time 


tf 


30 ns 




Data Retention Characteristics 

T A = -10 to +50°C; V CC = V, V DD = V DDDR 




Symbol 


Limits 


Test 


Parameter 


Min Typ Max Unit 


Conditions 


Data retention 
voltage 


Vdddr 


3.2 5.5 V 


RESET = V, L 


Data retention 
supply current 


•dddr 


1.3 3.0 mA 


RESET = V| L 
Vdddr = 3.2 V 



AC Characteristics 

Read/Write Operation 

T A = -lbto+50 o C,V C c = +5.0V±5%,Vss = 0V,V C c-0.8V<V DD 
^V CC 





Symbol 


Limits 


Test 


Parameter 


Min 


Max 


Unit Conditions (1) 


X1 Input cycle time 


tCYC 


83 


250 


ns 


Address set-up to ALE i 


tAL 


65 




ns 


Address hold after ALE 1 


tLA 


50 




ns 


Address to RD J delay time 


*AR 


150 




ns 


RD i to address floating 


*AFR 




20 


ns 


Address to data input 


l AD 




360 


ns 


ALE 1 to data input 


l LDR 




215 


ns 


RD 1 to data input 


tRD 




180 


ns 


ALE I to RD i delay time 


tLR 


35 




ns 


Data hold time to RD t 


tRDH 







ns 


RD t to ALE t delay time 


tRL 


115 




ns 


RD width low 


tRR 


280 




ns Data read 




530 




ns Opcode fetch 


ALE width high 


tLL 


125 




ns 


M1 setup time to ALE I 


l ML 


65 




ns 


M1 hold time from ALE 1 


l LM 


50 




ns 


10/M setup time to ALE I 


t|L 


65 




ns 


10/M hold time from ALE I 


tu 


50 




ns 


Address to WR I delay 


l AW 


150 




ns 


ALE i to data output 


l LDW 




195 


ns 


WR I to data output 


tWD 




100 


ns 


ALE I to WR 1 delay 


l LW 


35 




ns 


Data set-up time to WR t 


l DW 


230 




ns 


Data hold time to WRt 


l WDH 


95 




ns 


WR t to ALE t delay time 


l WL 


115 




ns 


WR width low 


t W w 


280 




ns 



Note: 

(1) Load capacitance: C|_ = 150 pF; fxTAL = 12 MHz (figure 10). 

Figure 10. External Crystal Connections 
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DC Programming Characteristics 

T A = 25 ±5 °C, V cc = 5 V ±1 0%, V PP = 21 V±0.5 V, V ss = V, V cc 
-0.8V<V DD <V CC 



Serial Operation 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage low 


V|L 







0.8 


V 




Input voltage high 


V|H1 


2.0 




Vcc 


V 


All except SCK, 
RESET and X1 




V IH2 


0.8 V C c 




Vcc 


V 


SCK.X1 


Input leakage 
current all except 
INT1,TI(PC3) 


■l_l 






±10 


//A 


0VSV,<Vcc 


Output voltage low 


Vol 






0.45 


V 


Iol = 2.0 mA 


Output voltage high 


Voh 


2.4 






V 


l OH = -200//A 


Vcc supply current 


,'cc 




200 


300 


mA 




Vpp supply current 


Ipp 






30 


mA 


PGM = V| L 



AC Programming Characteristics 

T A = 25 ±5°C, V C c = 5 v ±10%, V PP = 21 V±0.5 V, V ss = V, V cc 
- 0.8 V < V DD < V CC 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


Address set-up time to PROGi 


l AP 


2 






(IS 


Address hold time from PROGt 


tPA 


2 






fjS 


Address set-up time to PREADi 


l APR 


2 






//S 


Address hold time from 
PREADt 


tpRA 









/US 


Data set-up time to PROGi 


tDP 


2 






/"S 


Data hold time from PROGt 


tpD 


2 






us 


PROG pulse width low 


tpp 


45 


50 


55 


ms 


Vpp rise time 


%P 


50 






ns 


Vpp set-up time to PROGi 


typp 


2 






//S 


Vpp hold time from PROGt 


tpvp 


2 






/US 


Vppi to PREADi 


l VPPR 


2 






us 


Data delay from PREADi 


f PRD 






1 


/US 


Data float delay from PREADt 


tpRDF 







130 


ns 


Input rise, fall time 


t|R. t|F 






20 


/US 







Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


SCK cycle time 




tCYK 


1.66 

500 

2 




/US 

ns 

//S 


SCK input (1) 
SCK input (2) 
SCK output 


SCK width low 




l KKL 


750 
200 
900 




ns 
ns 
ns 


SCK input (1) 
SCK input (2) 
SCK output 


SCK width high 




tKKH 


750 
200 
900 




ns 
ns 
ns 


SCK input (1) 
SCK input (2) 
SCK output 


RxD set-up time to 


SCK t 


tRXK 


80 




ns 


(D 


RxD hold time after SCK t 


*KRX 


80 




ns 


(D 


SCK i TxD delay ti 


me 


*KTX 




210 


ns 


(D 



Note: 

(1) 1x baud rate in asynchronous, synchronous, or I/O interface 
mode. 

(2) 16x baud rate or 64x baud rate in asynchronous mode. 

Zero-Cross Characteristics 

T A = -10tO+50 o C,V C c = +5.0V+5%,Vss = 0V,V cc -0.8V<V DD 
^V CC 






Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Zero-cross detection 
input 


Vzx 


1 1.8 


V ac, p-p 


Ac coupled 


Zero-cross accuracy 


AZX 


±135 


mV 


60-Hzsine 
wave 


Zero-cross detection 
input frequency 


fzx 


0.05 1 


kHz 
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Bus Timing Depending on tcYC 




Symbol 


Calculating Expression 


Min/Max 


tRP 


60T 


Min 


tTI 


6T 


Min 


t C l (2) 


6T 


Min 


t C l 0) 


48T 


Min 


t|P 


36T 


Min 


tAL 


2T - 100 


Min 


tLA 


T-30 


Min 


Ur 


3T - 100 


Min 


*AD 


7T - 220 (4) 


Max 


tLDR 


5T - 200 (4) 


Max 


tRD 


4T - 150 (4) 


Max 


tLR 


T-50 


Min 


tRL 


2T - 50 


Min 


tRR 


4T - 50 (Data Read) (4) 


Min 




7T - 50 (Opcode Fetch) (4) 




III 


2T-40 


Min 


tML 


2T - 100 


Min 


t|_M 


T-30 


Min 


t|L 


2T - 100 


Min 


tu 


T-30 


Min 


Uw 


3T -100 


Min 


tLDW 


T + 110 


Max 


l LW 


T-50 


Min 


*DW 


4T - 100 (4) 


Min 


*WDH 


2T-70 


Min 


%L 


2T-50 


Min 


l WW 


4T - 50 (4) 


Min 


*CYK 


20T (SCK input) (1) 
24T (SCK output) 


Min 


*KKL 


10T- 80 (SCR input) (1) 
12T - 100 (SCK output) 


Min 


*KKH 


10T - 80 (SCK input) (1) 
12T - 100 (SCK output) 


Min 



Note: 

(1) 1x baud rate in asynchronous, synchronous, or I/O interface 
mode. 

T = tCYC = 1 f XTAL- 

The items not included in this list arc independent of oscillator 

frequency (fxTAiJ- 

(2) Event counter mode. 

(3) Pulse width measurement mode. 

(4) Add 3T when using external program memory with programmable 
WAIT function. 



Timing Waveforms 

AC Timing Test Points 



2.4 V- 
0.45 V- 



:xe 



3C 



PA 7 -PA 



PD 7 -PD 



ZX 



■PP IJ-I !!■ 

v, L =' /"pp. 



*RVP~ 

PROG 



\ 



\ / 



:c 



-Programming mode- » « Verify mode- 



Note 

(1) MODE 0, MODE 1 = low level, PC 7 = high level 

(2) External Clock Input = 1 MHz 



Instruction Set 

In addition to the basic 7800 family instruction set, the 
//PD78P09 executes the following types of instructions: 

• 16-bit data transfers between memory, registers, 
and extended accumulator 

• 16-bit addition and subtraction 

• 16-bit comparison and skip 

• 16-bit AND, OR, XOR operation 

• 16-bit data shift and rotation 

• Multiply; 8-bit by 8-bit, 16-bit product (less than 8/ys 
execution) 

• Divide; 16-bit by 8-bit, 16-bit quotient, 8-bit remainder 
(less than 15/us execution) 

• Working register instruction for efficient RAM 
addressing, testing, and manipulating 

• Direct bit addressing for code-efficient addressing, 
testing, and manipulating bits in RAM, port lines, 
and mode registers. 
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Operand Format/Description 



Remarks 



Format 



Description 



r V,A, B,C,D, E,H, L 

r1 EAH, EAL, B, C, D, E, H, L 

r2 A, B, C 



sr PA, PB, PC, PD, PF, MKH, MKL, SMH, SML, EOM, ETMM, 

TMM, MM, MCC, MA, MB, MC, 

MF,TxB > TM ,TM 1 ,WDM, MT 
sr1 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, RxB, 

PT, WDM 
sr2 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM 

sr3 ETM , ETM 1 

sr4 ECNT, ECPTO, ECPT1 

sr5 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT 



rp 


SP, B, D, H 


r P 1 


V, B, D, H, EA 


rp2 


SP, B, D, H, EA 


rp3 


B,D,H 



rpa B, D, H, D+, H +, D-, H- 

rpal B,D, H 

rpa2 B, D, H, D +, H + , D -, H - D + byte, H + A, H + B, 

H + EA, H + byte 
rpa3 D, H, D + +, H + +, D + byte, H + A, H + B, H + EA, 

H + byte 



wa 


8-Bit immediate data 




word 
byte 
bit 


16-Bit immediate data 
8-Bit immediate data 
8-Bit address of bit location 


f 


CY, HC, Z 




irf 


NMI, FTO, FT1,F1,F2, FEO, 
IFE2, SB 


FE1, FEIN, FSR, FST, ER, OV, 


Instruction Set Symbol Definitions 


Symbol 




Description 


*- Transfer direction, result 


A 




Logical product (logical AND) 


V 




Logical sum (logical OR) 


-v- 




Exclusive OR 


- 




Complement 


• 




Concatenation 



1. sr-sr5 (special register) 



PA = Port A 

PB = Port B 

PC = Port C 

PD = Port D 

PF = Port F 

PT = Port T 

MA = Mode A 

MB = Mode B 

MC = ModeC 

MCC = Mode Control C 

MF = ModeF 

MT = Mode T 

MM = Memory Mapping 

TMq = Timer Register 

TM-] = Timer Register 1 

TMM = Timer Mode 

ETMo = Timer/Event 

Counter Register 

ETM-| = Timer/Event Counter 

Register 1 



ECNT = Timer/Event 

Counter Upcounter 

ECPTO = Timer/Event 

Counter Capture 

ECPT1 = Timer/Event 

Counter Capture 1 

ETMM = Timer/Event 

Counter Mode 

EOM = Timer/Event 

Counter Output Mode 

WDM = Watchdog Timer Mode 

TxB = Tx Buffer 

RxB = Rx Buffer 

SMH = Serial Mode High 

SML = Serial Mode Low 

MKH = Mask High 

MKL = Mask Low 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



3. rpa-rpa3 (rp addressing) 



B = (BC) 
D = (DE) 
H = (HL) 
D + = (DE) + 1 
H + = (HL) + 1 
D - = (DE) - 1 
H - = (HL) - 1 



D + + = (DE) + 2 
H + + = (HL)+2 
D + byte = (DE) + byte 
H + A = (HL) + (A) 
H + B = (HL) + (B) 
H + EA = (HL) + (EA) 
H + byte = (HL) + byte 




4. f (flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



NMI = NMI input 
FTO = INTFTO 
FT1 = INTFT1 
F1 = INTF1 
F2 = INTF2 
FEO = INTFEO 
FE1 = INTFE1 



FEIN = INTFEIN 

FSR = INTFSR 

FST=INTFST 

ER = Error 

OV = Overflow 

IE2 = Interrupt Enable F/F2 

SB = Standby 
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Operand 


Operation 














Operation Code 










State(l) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


B2 

B4 
5 4 3 


2 


1 





Skip 
Condition 


8-Bit Data Transfer 


MOV 


r1,A 


(r1) *~ (A) 











1 


1 


T 2 


Ti 


To 














4 


1 






A, r1 


(A) *- (r1) 














1 


T 2 


Ti 


To 














4 


1 






*sr,A 


(sr)*-(A) 





1 








1 


1 





1 


1 


1 


S5 S4 S3 


S 2 


St 


So 


10 


2 






*A,sr1 


(A) *~ (sr1) 





1 








1 


1 








1 


1 


S5 S4 S3 


s 2 


Si 


So 


10 


2 






r.word 


(r) — (word) 





1 




1 

















1 


1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 










word.r 


(word) — (r) 





1 




1 

















1 


1 1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 








MVI 


*r,byte 


(r) — byte 
set L1 if r = A 
set LO if r = L 





1 







1 


R 2 


Ri 


Ro 






Data 








7 


2 


L1 = 1 and r = A 
LO = 1 and r = L 




sr2,byte 


(sr2) *- byte 





1 










1 








s 3 






Data 


s 2 


Si 


So 


14 


3 
























MVIW 


*wa, byte: ((V)«(wa)) *- byte 





1 




1 











1 






Offset 








13 


3 












Data 






















MVIX 


*rpa1,byt 


3 (rpal) *- byte 





1 








1 





At 


A 






Data 








10 


2 




STAW 


*wa 


((V).(wa)) *- A 





1 













1 


1 






Offset 








10 


2 




LDAW 


*wa 


(A) - ((V).(wa)) 























1 






Offset 








10 


2 




STAX 


*rpa2 


(rpa2) - (A) 


A3 







1 


1 


A 2 


Ai 


Ao 






Data (2) 








7/13(3) 


2 




LDAX 


rpa2 


(A) *- ((rpa2)) 


A 3 










1 


A 2 


At 


Ao 






Data (2) 








7/13(3) 


2 




EXX 




(B) — (B'),(C) ** (C'),(D) ~~ (D') 
(E) - (E*),(H) ** (H'),(L) *~ (L') 





1 








1 











1 





1 1 


1 


1 


1 


8 


2 




EXA 




(V) — (V'),(A) - (A'),(EA) - (EA') 





1 








1 











1 





1 1 


1 








8 


2 




EXH 




(H) - (H'),(L) ~ (L) 





1 








1 











1 





1 1 


1 


1 





8 


2 




EXR 




(V) ** (V).(A) *~ (A'),(B) — (B'); 
(C) ** (C) (D) ~ (D') (E) *~ (E'),(H) 
** (H').(L) ~ (L'),(EA) ** (EA) 





1 








1 











1 





1 1 


1 





1 


8 


2 




16-Bit Data Transfer 


BLOCK 


D + 


((DE))*-((HL)),(DE)*~(DE) + 1, 
(HL) — (HL) + 1.(C)*- (C)-1 
End if borrow 











1 


























13 x 

(C + 1) 


1 






D- 


((DE))*-((HL)),(DE)*-(DE) + 1, 
(HL)-(HL)- 1,(C)*- (C)-1 
End if borrow 











1 











1 














13 x 
(C + 1) 


1 




DMOV 


rp3, EA 


(rp3 L ) *- (EAL),(rp3 H ) *- (EAH) 


1 





1 


1 





1 


Pi 


Po 














4 


1 






EA,rp3 


(EAL) *- (rp3 L ),(EAH) *- (r P 3 H ) 


1 





1 








1 


Pi 


Po 














4 


1 





o 
<0 



8 



Instruction Set (cont) 



8 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 6 5 


B3 
4 3 2 


1 





7 


6 


B4 
5 4 3 


2 







State(l) 


Bytes 


Skip 
Condition 


16-Bit Data Transfer (cont) 


DMOV 


sr3, EA 


(sr3) - (EA) 








1 








1 


1 


1 







Uo 


14 


2 






EA,sr4 


(EA) — (sr4) 








1 








1 


1 








Vi 


v 


14 


2 




SBCD 


word 


(word) — (C), (word + 1) *- (B) 





1 


1 














1 1 


1 







20 


4 










Low addr 










High addr 










SDED 


word 


(word) — (E), (word + 1) — (D) 





1 


1 














1 1 


1 







20 


4 










Low addr 










High addr 










SHLD 


word 


(word) *- (L), (word + 1) — (H) 





1 


1 














1 1 1 


1 







20 


4 










Low addr 










High addr 










SSPD 


word 


(word) — (SP L ),(word + 1) — (SP H ) 





1 


1 














1 


1 







20 


4 










Low addr 










High addr 










STEAX 


rpa3 


((rpa3)) *~ (EAL),((rpa3)) + 1 — (EAH) 








1 








1 





1 c 3 


c 2 


Ci 


Co 


14/20(3) 


3 










Data(4) 








LBCD 


word 


(C) *- (word),(B) — (word + 1) 





1 


1 














1 1 


1 




1 


20 


4 










Low addr 










High addr 










LDED 


word 


(E) — (word),(D) — (word + 1) 





1 


1 














1 1 


1 




1 


20 


4 










Low addr 










High addr 










LHLD 


word 


(L) *- (word),(H) *~ (word + 1) 





1 


10 














1 1 1 


1 




1 


20 


4 










Low addr 










High addr 










LSPD 


word 


(SP L ) *- (word),(SP H ) — ((word) + 1) 





1 


1 














1 
High addr 


1 




1 


20 


4 










Low addr 








LDEAX 


rpa3 


(EAL) «- ((rpa3)),(EAH) — ((rpa3) + 1) 








1 








1 





C 3 


c 2 


Ci 


Co 


14/20(3) 


3 





Data(4) 



PUSH rp1 


((SP)-1)-(rp1 H )((SP)-2)-(rp1 L ) 
(SP)*~(SP)-2 


1 





1 1 Q 2 


Qi 


Qo 






13 


1 




POP rp1 


(rplL)*-((SP)),(rp1 H )-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 Q 2 


Qi 


Qo 






10 


1 




LXI *rp2,wor< 


j (rp2) "- (word) 
set LO if rp2 = H 





p 2 


Pi P 1 
High byte 










Low byte 


10 


3 


LO = 1 and 








rp2 = H 


TABLE 


(C) — ((PC)+3+(A)),B — ((PC)+3+(A)+ 1) 





1 


10 








1 


10 10 


17 


2 




8-Bit Arithmetic [Register] 


ADD A,r 


(A) - (A) + (r) 





1 


10 








1 


1 R 2 Ri Ro 


8 


2 




r,A 


(r) - (r) + (A) 





1 


10 











1 R 2 R-i R 


8 


2 




ADC A,r 


(A) - (A) + (r) + (CY) 





1 


10 








1 


1 1 R 2 fy R 


8 


2 




r,A 


(r) *-(r) + (A) + (CY) 





1 


10 











1 1 R 2 fy R 


8 


2 






15 

D 

o 

<0 



Instruction Set (cont) 





Operand 


Operation 










Operation Code 














State(l) 


Bytes 




Mnemonic 


7 6 


5 4 


B1 

B3 
3 


2 


1 





7 


6 


5 


B2 

ti 

4 


J 

\ 

3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic [Register] (cont) 


ADDNC 


A,r 


(A) ~- (A) + (r) 


1 


1 



























R 2 


Ri 


Ro 


8 


2 


No carry 




r,A 


(r) - (r) + (A) 


1 


1 




























R 2 


Ri 


Ro 


8 


2 


No carry 


SUB 


A,r 


(A) - (A) - (r) 


1 


1 


"0 













1 










R 2 


Ri 


Ro 


8 


2 






r,A 


(r) *- (r) - (A) 


1 


1 

















1 










R 2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A) ^ (A) - (r) - (CY) 


1 


1 
















1 




1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) *" (r) - (A) - (CY) 


1 


1 

















1 




1 





R 2 


Ri 


Ro 


8 


2 




SUBNB 


A,r 


(A) - (A) - (r) 


1 


1 





















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (r) - (A) 


1 


1 






















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A) *- (A) A (r) 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) A (A) 


1 


1 


























1 


R 2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A)-(A)V(r) 


1 


1 






















1 


1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) *- (r) V (A) 


1 


1 























1 


1 


R 2 


Ri 


Ro 


8 


2 




XRA 


A,r 


(A)~(A)*(r) 


1 


1 






















1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r)¥(A) 


1 


1 























1 





R 2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A) - (r) - 1 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (A) - 1 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A) - (r) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r) - (A) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A) - (r) 


1 


1 























1 


R 2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r) - (A) 


1 


1 























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A) - (r) 


1 


1 




















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(r) - (A) 


1 


1 




















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A,r 


(A)A(r) 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A) A (r) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


8-Bit Arithmetic (Memory) 






ADDX 


rpa 


(A) - (A) + ((rpa)) 


1 





























A 2 


Ai 


A 




2 




ADCX 


rpa 


(A) - (A) + ((rpa)) + (CY) 


1 























1 





A 2 


Ai 


Ao 




2 




ADDNCX 


rpa 


(A) - (A) + ((rpa)) 


1 





















1 








A 2 


Ai 


A 




2 


No carry 


SUBX 


rpa 


(A) *- (A) - ((rpa)) 


1 




















1 








A 2 


Ai 


Ao 




2 




SBBX 


rpa 


(A) - (A) - ((rpa)) - (CY) 


1 




















1 


1 





A 2 


Ai 


Ao 




2 




SUBNBX 


rpa 


(A) - (A) - ((rpa)) 


1 





















1 


1 





A 2 


Ai 


Ao 




2 


No borrow 


ANAX 


rpa 


(A) -(A) A ((rpa)) 


1 



























1 


A 2 


Ai 


Ao 




2 




ORAX 


rpa 


(A) - (A) V ((rpa)) 


1 
























1 


1 


A 2 


Ai 


Ao 




2 





o 

si 

00 

o 

<0 



8 



Instruction Set (cont) 





Operand 


Operation 








Operation Code 












State( 1) 


Bytes 




Mnemonic 


7 6 


Bt 

B3 

5 4 3 


2 


1 


7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic (Memory 


(cont) 






























XRAX 


rpa 


(A) *- (A)-V-((rpa)) 


1 


1 1 








1 








1 


A 2 


Ai 


Ao 


11 


2 




GTAX 


rpa 


(A) - ((rpa)) - 1 


1 


1 10 








1 





1 


1 


A 2 


Ai 


Ao 


11 


2 


No borrow 


LTAX 


rpa 


(A) -((rpa)) 


1 


1 1 








1 





1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Borrow 


NEAX 


rpa 


(A) -((rpa)) 


1 


1 1 








1 


1 


1 


1 


A 2 


Ai 


Ao 


11 


2 


No zero 


EQAX 


rpa 


(A) - ((rpa)) 


1 


1 1 








1 


1 


1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


1 1 








1 


1 





1 


A 2 


Ai 


Ao 


11 


2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


1 1 








1 


1 





1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


Immediate Data 


ADI 


*A,byte 


(A) *- (A) + byte 


1 







1 









Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


1 10 










1 








R 2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) — (sr2) + byte 


1 


1 







o s 3 


1 








s 2 


Si 


So 


20 


3 








Data 










ACI 


*A,byte 


(A) «- (A) + byte + (CY) 


1 


1 




1 









Data 








7 


2 






r.byte 


(r) — (r) + byte + (CY) 


1 


1 1 










1 





1 


R 2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) «- (sr2) + byte + (CY) 


1 


1 







o s 3 


1 





1 


s 2 


Si 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) — (A) + byte 





1 




1 









Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 1 


















R 2 


Ri 


Ro 


11 


3 


No carry 






Data 
























sr2,byte 


(sr2) *- (sr2) + byte 


1 


1 







o s 3 










S 2 


Si 


So 


20 


3 


No carry 






Data 






















SUI 


*A,byte 


(A) — (A) - byte 


1 


1 




1 









Data 








7 


2 






r.byte 


(r) - (r) - byte 


1 


1 1 










1 







R 2 


Ri 


Ro 


11 


3 








Data 
























sr2,byte 


(sr2) — (sr2) - byte 


1 


1 







o s 3 


1 







s 2 


Si 


So 


20 


3 








Data 






















SBI 


*A,byte 


(A) — (A) - byte - (CY) 


1 


1 1 




1 









Data 








7 


2 






r.byte 


(r) — (r) - byte - (CY) 


1 


1 1 
Data 










1 




1 


R 2 


Ri 


Ro 


11 


3 
























sr2,byte 


(sr2) — (sr2) - byte - (CY) 


1 


1 
Data 


1 





o s 3 


1 




1 


s 2 


Si 


So 


20 


3 





8 



J4. 



D 

3 

o 

<0 



Instruction Set (cont) 



U 

2 

o 

(0 



Mnemonic Operand 



Operation 



Operation Code 



B3 B4 

76543210 76543210 State(l) 



Skip 
Bytes Condition 



Immediate Data (cont) 



SUINB 


*A,byte 


(A) — (A) - byte 








1 1 


1 1 











Data 








7 


2 


No borrow 




r.byte 


(r) — (r) - byte 







1 


1 











1 


1 


R 2 


Ri 


Rrj 


11 


3 


No borrow 








Data 










sr2,byte 


(sr2) — (sr2) - byte 










1 





S 3 





1 


1 


s 2 


St 


So 


20 


3 


No borrow 








Data 








ANI 


*A,byte 


(A) — (A) A byte 








) 


1 1 


1 








Data 








7 


2 






r.byte 


(r) — (r) A byte 







1 

















1 


R 2 


Ri 


Rrj 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) A byte 
















S3 








1 


S 2 


St 


So 


20 


3 










Data 








ORI 


*A,byte 


(A) *- (A) V byte 








) 1 


1 


1 








Data 








7 


2 






r.byte 


(r) — (r) V byte 







1 

















1 1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) V byte 
















S 3 








1 1 


S 2 


St 


So 


20 


3 










Data 








XRI 


*A,byte 


(A) *- (A)-V-byte 





( 


) 1 


1 











Data 








7 


2 






r.byte 


(r) — (r)-V-byte 







1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2)-V-byte 










1 





S 3 








1 


S 2 


Si 


So 


20 


3 










Data 








GTI 


*A,byte 


(A) - byte - 1 











1 


1 








Data 








7 


2 


No borrow 




r.byte 


(r) - byte - 1 







1 
















1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 
























sr5,byte 


(sr5) - byte - 1 
















s 3 







1 


S 2 


St 


So 


14 


3 


No borrow 








Data 






















LTI 


* A, byte 


(A) - byte 








1 


1 


1 








Data 








7 


2 


Borrow 




r.byte 


(r) - byte 







1 
















1 1 


R 2 


Ri 


Ro 


11 


3 


Borrow 








Data 
























sr5,byte 


(sr5) - byte 
















S 3 







1 1 


S 2 


St 


So 


14 


3 


Borrow 








Data 






















NEI 


*A,byte 


(A) - byte 










1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) - byte 







1 











1 




1 


R 2 


Ri 


Ro 


11 


3 


No zero 



Data 



.8 



Instruction Set (cont) 



8 



Operation Code 



B1 



B2 



Mnemonic Operand 



Operation 



B3 B4 

76543210 76543210 State{1) 



Skip 
Bytes Condition 



Immediate Data (cont) 



NEI 


sr5,byte 


(sr5) - byte 






1 


1 
Data 








s 3 1 


1 





1 


s 2 


Si 


So 


14 


3 


No zero 




















EQI 


*A,byte 


(A) - byte 






1 


1 1 


1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) - byte 






1 


1 1 








1 


1 


1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr5,byte 


(sr5) - byte 






1 


1 








s 3 1 


1 


1 


1 


S 2 


Si 


So 


14 


3 


Zero 






Data 






















ONI 


*A,byte 


(A) A byte 






1 





1 


1 






Data 








7 


2 


No zero 




r.byte 


(r) A byte 






1 


1 1 








1 








1 


R 2 


Ri 


Ro 


11 


3 


No zero 






Data 
























sr5,byte 


(sr5) A byte 






1 


1 








S 3 1 








1 


S 2 


Si 


So 


14 


3 


No zero 






Data 






















OFFI 


*A,byte 


(A) A byte 






1 


1 


1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) A byte 






1 


1 1 








1 





1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr5,byte 


(sr5) A byte 






1 


1 








s 3 1 





1 


1 


S 2 


Si 


So 


14 


3 


Zero 






Data 






















Working Register 






ADDW 


wa 


(A) *- (A) + ((V).(wa)) 




1 


1 1 




























14 


3 








Offset 






















ADCW 


wa 


(A)^(A) + ((V).(wa)) + (CY) 


1 


1 1 













1 














14 


3 








Offset 






















ADDNCW 


wa 


(A) *- (A) + ((V).(wa)) 




1 


1 1 








1 


1 

















14 


3 


No carry 






Offset 






















SUBW 


wa 


(A) - (A) - 


((V).(wa)) 




1 


1 1 










1 

















14 


3 








Offset 






















SBBW 


wa 


(A) - (A) - 


((V).(wa))- 


(CY) 


1 


1 1 










1 


1 














14 


3 








Offset 






















SUBNBW 


wa 


(A) - (A) - 


((V)-(wa)) 




1 


1 1 


1 





1 


1 


1 














14 


3 


No borrow 






Offset 






















ANAW 


wa 


(A)-(A)A((V).(wa)) 




1 


1 1 


1 





1 








1 











14 


3 





Offset 



•v 
a 

u 
o 
<0 



Instruction Set (cont) 



"0 
O 

3 

o 

<0 



Operation Code 



B1 



B2 



Mnemonic 


Operand 


Operation 


7 


6 


5 


B3 
4 3 


2 1 





r 6 


5 


B4 
4 3 


2 


1 





State(l) 


Bytes 


Skip 
Condition 


Working Register (cont) 


ORAW 


wa 


(A)' — (A)V((V).(wa)) 









1 


1 











1 











14 


3 












Offset 


















XRAW 


wa 


(A)-(A)-V-((V).(wa)) 









1 














1 











1 * 


3 












Offset 


















GTAW 


wa 


(A)-((V).(wa))-1 









1 











1 


1 











14 


3 


No borrow 










Offset 


















LTAW 


wa 


(A) - ((V).(wa)) 









1 











1 


1 











14 


3 


Borrow 










Offset 


















NEAW 


wa 


(A) - ((V).(wa)) 









1 








1 


1 














14 


3 


No zero 










Offset 


















EQAW 


wa 


(A)-((V).(wa)) 









1 








1 


1 


1 











14 


3 


Zero 










Offset 


















ONAW 


wa 


(A)A((V).(wa» 









1 








1 

















14 


3 


No zero 










Offset 


















OFFAW 


wa 


(A) A ((V).(wa)) 









1 








1 





1 











14 


3 


Zero 










Offset 








ANIW 


*wa,byte 


((V).(wa)) «- ((V).(wa)) A byte 























Offset 








19 


3 












Data 




















ORIW 


*wa,byte 


((V).(wa)) <- ((V).(wa)) V byte 











1 











Offset 








19 


3 












Data 




















GTIW 


*wa,byte 


((V).(wa)) - byte - 1 








1 














Offset 








13 


3 


No borrow 










Data 




















LTIW 


*wa,byte 


((V).(wa)) - byte 








1 


1 











Offset 








13 


3 


Borrow 










Data 




















NEIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 














Offset 








13 


3 


No zero 










Data 




















EQIW 


"wa.byte 


((V).(wa)) - byte 





1 


1 


1 











Offset 








13 


3 


Zero 










Data 




















ONIW 


*wa,byte 


((V).(wa)) A byte 





1 

















Offset 








13 


3 


No zero 










Data 




















OFFIW 


*wa,byte 


((V).(wa)) A byte 





1 





1 
Data 











Offset 








13 


3 


Zero 



















8 



Instruction Set (cont) 



Operation Code 



Mnemonic 


Operand 


Operation 


7 


6 


5 


4 


B3 
3 


2 


1 





7 


6 


5 


4 


3 


2 


1 





State(l) 


Bytes 


Skip 
Condition 


16-Bit Arithmetic 


EADD 


EA,r2 


(EA) — (EA) + (r2) 


























1 














Ri 


Ro 




2 




DADD 


EA,rp3 


(EA) — (EA) + (rp3) 
























1 











1 


Pi 


Po 




2 




DADC 


EA,rp3 


(EA) — (EA) + (rp3) + (CY) 
























1 





1 





1 


Pi 


Po 




2 




DADDNC 


EA,rp3 


(EA)-(EA) + (rp3) 



































1 


Pi 


Po 




2 


No carry 


ESUB 


EA,r2 


(EA)-(EA)-(r2) 


























1 













Ri 


Ro 




2 




DSUB 


EA,rp3 


(EA) - (EA) - (rp3) 
























1 










1 


Pi 


Po 




2 




DSBB 


EA,rp3 


(EA)-(EA)-(rp3)-(CY) 
























1 




1 





1 


Pi 


Po 




2 




DSUBNB 


EA,rp3 


(EA) - (EA) - (rp3) 





























1 





1 


Pi 


Po 




2 


No borrow 


DAN 


EA,rp3 


(EA) — (EA) A (rp3) 

































1 


1 


Pi 


Po 




2 




DOR 


EA,rp3 


(EA) — (EA) V (rp3) 






























1 


1 


1 


Pi 


Po 




2 




DXR 


EA,rp3 


(EA) *r (EA) V (rp3) 






























1 





1 


Pi 


Po 




2 




DGT 


EA,rp3 


(EA) - (rp3) - 1 



























1 





1 


1 


Pi 


Po 




2 


No borrow 


DLT 


EA,rp3 


(EA) - (rp3) 



























1 


1 


1 


1 


Pi 


Po 




2 


Borrow 


DNE 


EA,rp3 


(EA) - (rp3) 
























1 


1 





1 


1 


Pi 


Po 




2 


No zero 


DEQ 


EA,rp3 


(EA) - (rp3) 
























1 


1 


1 


1 


1 


Pi 


Po 




2 


Zero 


DON 


EA,rp3 


(EA) A (rp3) 
























1 








1 


1 


Pi 


Po 




2 


No zero 


DOFF 


EA,rp3 


(EA) A (rp3) 
























1 





1 


1 


1 


Pi 


Po 




2 


Zero i 


Multiply/Divide 


MUL 


r2 


(EA) — (A) x (r2) 













1 

















1 





1 


1 


Ri 


Ro 


32 


2 




DIV 


r2 


(EA) *- (EA) -h (r2), (r2) — Remainder 













1 

















1 


1 


1 


1 


Ri 


Ro 


59 


2 




Increment/Decrement 


INR 


r2 


(r2) — (r2) + 1 





1 














Ri 


Ro 


















4 


1 


Carry 


INRW 


*wa 


((V).(wa)) «- ((V).(wa)) + 1 































Offset 








16 


2 


Carry 


INX 


rp 


(rp) — (rp) + 1 








Pi 


Po 








1 





















7 


1 






EA 


(EA)"-(EA)+'1 


1 










1 



























7 


1 




DCR 


r2 


(r2) *~ (r2) - 1 





1 





1 








Ri 


Ro 


















4 


1 


Borrow 


DCRW 


wa 


((V).(wa)) *- ((V).(wa)) - 1 










1 




















Offset 








16 


2 


Borrow 


DCX 


rp 


(rp) *~ (rp) - 1 








Pi 


Po 








1 


1 


















7 


1 






EA 


(EA) — (EA) - 1 


1 










1 








1 


















7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 
















1 


















4 


1 




STC 




(CY) <- 1 





1 








1 

















1 





1 





1 


1 


8 


2 




CLC 




(CY) — 





1 








1 

















1 





1 





1 





8 


2 




CMC 




(CY) — (CY) 





1 








1 











1 





1 





1 





1 





8 


2 






Instruction Set (cont) 





Operand 


Operatioi 


















Operation Code 












State(l) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


B2 

B4 
5 4 


3 


2 


1 





Skip 
Condition 


Others (cont) 


NEGA 




(A)«-(A) + 1 









1 








1 

















1 1 


1 





1 





8 


2 




Rotate and Shift 


RLD 




Rotate left digit 









1 

























1 1 


1 











17 


2 




RRD 




Rotate right digit 









1 

























1 1 


1 








1 


17 


2 




RLL 


r2 


(r2 m + 1 )-(r2 m ),(r2 )- 
(CY) - (r2 7 ) 


(CY), 







1 

























1 1 





1 


Ri 


Ro 


8 


2 




RLR 


(2 


(CY) - (r2 ) 


(CY), 







1 

























1 1 








Ri 


Ro 


8 


2 




SLL 


\2 


(r2 m + 1 )-(r2 m ),(r2 )- 


0, (CY) * 


" (r2 7 ) 





1 

























1 





1 


Ri 


Ro 


8 


2 




SLR 


r2 


i^-i^itw^r 


0, (CY) * 


- (r2rj) 





1 

























1 








Ri 


Ro 


8 


2 




SLLC 


r2 


(r2 m + 1 )-(r2 m ),(r2 )- 


0, (CY) * 


~ (r2 7 ) 





1 































1 


Ri 


Ro 


8 


2 


Carry 


SLRC 


r2 


^m-!) — (r2 m ),(r2 7 ) — 


0,(CY)-* 


- (r2o) 





1 


































Ri 


Ro 


8 


2 


Carry 


DRLL 


EA 


(EA n + 1 )-(EA n ),(EA )*- 
(CY) - (EA 15 ) 


" (CY), 







1 



















1 





1 1 





1 








8 


2 




DRLR 


EA 


(EA n -i)-(EA n ),(EA 15 )* 
(CY)-(EAq) 


- (CY), 







1 



















1 





1 1 














8 


2 




DSLL 


EA 


(EA n + 1 )-(EA n ),(EA )*- 
(CY) - (EA 15 ) 


-o, 







1 



















1 





1 





1 








8 


2 




DSLR 


EA 


(EA n -i)«-(EA n ),(EA 15 )* 
(CY) - (EA ) 


-o, 







1 



















1 





1 














8 


2 




Jump 


JMP 


*word 


(PC) *~ word 









1 





1 1 
High addr 












Low addr 








10 


3 






















JB 




(PC H ) - (B),(PC L ) - (C) 












1 














1 
















4 


1 




JR 


word 


(PC)^(PC) + 1+jdisp1 






1 


1 






jdispl 




















10 


1 




JRE 


*word 


(PC) — (PC) + 2 + jdisp 









1 








1 


1 


1 


— 






jdisp 








— 


10 


2 




JEA 




(PC)-(EA) 









1 








1 

















1 


1 











8 


2 




Call 


CALL 


*word 


((SP)-1)*-((PC) + 3) H , 
((SP)-2)*-((PC) + 3) L 
(PC) — word, (SP) — (SP) 


-2 







1 






High addr 












Low addr 








16 


3 






















CALB 




((SP)-1)*-((PC) + 2) H , 
((SP)-2)-((PC) + 2) L 
(PC H )-(B),(PC L )-(C), 
(SP) *- (SP) - 2 









1 








1 

















1 


1 








1 


17 


2 




CALF 


*word 


((SP)-1)-((PC) + 2)h, 
((SP)-2)-((PC) + 2) L 
(PCtf.n) — 00001, 
(PC 10 . )-fa,(SP)-(SP 


-2 







1 


1 


1 


1 












fa 










13 


2 





■o 

O 
■"I 
00 

o 

<0 
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Instruction Set (cont) 





Operand 


Operation 












Operation Code 






State(l) 


Bytes 




Mnemonic 


7 


6 


5 


B1 

B3 
4 3 


2 


1 


7 6 


B2 

B4 
5 4 3 2 





Skip 
Condition 


Call (cant) 


CALT 


word 


((SP)-1)-((PC) + 1) H , 
((SP)-2)-((PC) + 1) L 
(PC L )-(128 + 2ta),(PC H )- 
(129 + 2ta),(SP) «- (SP) - 2 


1 










ta 










16 


1 




SOFTI 




((SP)-1)~-(PSW),((SP)-2) — 
((PC) + 1)h,((SP)-3)-((PC) + 1) l , 
(PC) — 0060H,(SP) — (SP) - 3 





1 


1 


1 





1 








16 


1 




Return 


RET 




(PCl)^((SP)),(PC h )*-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 


1 1 














10 


1 




RETS 




(PC L ) - ((SP)),(PC H ) - ((SP) + 1) 
(SP) *- (SP) + 2,(PC) — (PC) + n 


1 





1 


1 1 





1 








10 


1 


Unconditional 
Skip 


RETI 




(PCl) - ((SP)),(PC H ) - ((SP) + 1) 
(PSW) *- ((SP) + 2), (SP) — (SP) + 3 





1 


1 








1 








13 


1 





Bit Manipulation 



8 



MOV 


*CY, bit 


(CY) - (bit) 








1 1 


1 


1 - 


Bit Addr 


10 


2 






•bit CY 


(bit) - (CY) 








1 


1 





Bit Addr 


13 


2 




AND 


*CY,bit 


(CY) — (CY) A (bit) 


1 








1 


Bit Addr 


10 


2 




OR 


*CY, bit 


(CY) «- (CY) V bit 








1 1 








Bit Addr 


10 


2 




XOR 


*CY, bit 


(CY) — (CY)-V-(bit) 








1 1 


1 





Bit Addr 


10 


2 




SETB 


*bit 


(bit) — 1 








1 








Bit Addr 


13 


2 




CLR 


•bit 


(bit) — 








1 


1 


1 


Bit Addr 


13 


2 




NOT 


•bit 


(bit) - (bit) 








1 





1 


Bit Addr 


13 


2 




SK 


•bit 


Skip if (bit) = 1 








1 1 





T 


Bit Addr 


10 


2 


(bit) = 1 


SKN 


•bit 


Skip if (bit) = 

















Bit Addr 


10 


2 


(bit) = 



■0 
D 

00 

n 
o 

(0 



Instruction Set (cont) 



■o 

D 
^J 
CO 

"0 

o 

<0 



Operation Code 



B2 



Mnemonic 


Operand 




Operation 


7 


6 


5 


4 


B3 
3 


2 


1 





7 


6 


5 


B4 
4 


3 


2 


1 





State( 1) 


Bytes 


Skip 
Condition 


CPU Control 


SK 


f 


Skip if f = 1 







1 








1 























1 


F 2 


Fi 


F 


8 


2 


f = 1 


SKN 


f 


Skip if f = 







1 








1 




















1 


1 


F 2 


Fl 


Fo 


8 


2 


f = 


SKIT 


irf 


Skip if irf = 1, then reset irf 





1 








1 














1 





U 


l3 


"2 


11 


lo 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 
Reset irf if irf = 1 







1 








1 














1 


1 


U 


l3 


h 


h 


lo 


8 


2 


irf = 


NOP 




No operation 












































4 


1 




El 




Enable interrupt 




1 





1 





1 





1 





















4 


1 




Dl 




Disable interrupt 




1 





1 


1 


1 





1 





















4 


1 




HLT 




Halt 







1 








1 

















1 


1 


1 





1 


1 


11 


2 





Note: 

(1 ) In the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte instruction: 11 states 4-byte instruction: 14 states 



(2) B2 (Data): rpa2 = D + byte, H + byte. 

(3) Right side of slash (/) in states indicates case rpa2, rpa3 — D + byte, H + A, H + B, 
H + EA, H + byte. 

(4) B3 (Data): rpa3 = D + byte, H + byte 



8 



NEC 

NEC Electronics Inc. 



//PD7810/11 

8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTERS 

WITH A/D CONVERTER 



Description 

The /uPD7810 and /uPD7811 single-chip micro- 
computers integrate sophisticated on-chip peripheral 
functionality normally provided by external compo- 
nents. The device's internal 16-bit ALU and data paths, 
combined with a powerful instruction set and ad- 
dressing, make the /iPD781 0/11 appropriate in data 
processing as well as control applications. The devices 
integrate a 1 6-bit ALU, 4K-ROM, 256-byte RAM with an 
8-channel A/D converter, a multifunction 16-bit timer/ 
event counter, two 8-bit timers, a USART, and two 
zero-cross detect inputs on a single die, allowing their 
use in fast, high end processing applications. This 
involves analog signal interface and processing. 

The //PD7811 is the mask-ROM high volume pro- 
duction device embedded with custom customer 
program. The /uPD7810 is a ROM-less version for 
prototyping and small volume production. The 
/yPD78PG11E is a piggy-back EPROM version for 
design development. 

Features 

□ NMOS silicon gate technology requiring +5 V power 
supply 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 4Kx8ROM 

— 256-byte RAM 

□ 44 I/O lines 

□ Two zero-cross detect inputs 

□ Two 8-bit timers 

□ Expansion capabilities 

— 8085A bus-compatible 

— 60K-byte external memory address range 

□ 8-channel, 8-bit A/D converter 

— Autoscan mode 

— Channel select mode 

□ Full duplex USART 

— Synchronous and asynchronous 

□ 153 instructions 

— 16-bit arithmetic, multiply and divide 

□ 1 //S instruction cycle time (12 MHz operation) 

□ Prioritized interrupt structure 

— 3 external 

— 8 internal 

□ Standby function 

□ On-chip clock generator 

□ 64-pin plastic QUIP or shrink DIP 



Pin Configuration 











pA„d 


1 ( v_/ / 64 


]V CC 


PA,C 


2 63 


: v DD 




PA 2 [ 


3 62 


1 PD 7 




PA 3 C 


4 61 


:pd 6 




PA 4 rj 


5 60 


]PD 5 




PA 5 C 


6 59 


1 PD 4 




PA 6 C 


7 58 


1 PD 3 




PA 7 C 


8 57 


3 PD 2 




PB oC 


9 56 


1 PDi 




PB i c 


10 55 


U PD o 




PB 2 C 


11 54 


:pf 7 




PB 3 n 


12 53 


:pf 6 




PB 4 C 


13 52 


:pf 5 




PB 5 C 


14 51 


:pf 4 




PB 6 C 


15 J 50 


:pf 3 




PB 7 E 


16 5 49 


:pf 2 




pc £ 


17 £ 48 


dpf, 




pc, c 


18 ^ 47 


:pf„ 




pc 2 n 


19 46 


3 ALE 




pCjC 


20 45 


: wr 




PC 4 C 


21 44 


D RD 




pc s c 


22 43 


] AV CC 




pc s [; 


23 42 


J V AnEF 




pc 7 c 


24 41 


: an 7 




Fiffli L 


25 40 


] AN 6 




INT1 C 


26 39 


: AN 5 




MODE1 C 


27 38 


] AN 4 




RESET C 


28 37 


] AN 3 




MODE0 C 


29 36 


1 AN 2 




X 2 [" 


30 35 


1 AN, 




X, L 


31 34 


: an 




VssC 


32 33 


3AV SS 


49-000601A 








Ordering Information 




Max Frequency 


Part Number Package Type 


of Operation 


A/PD7810G-36 64-pin plastic QUIP 


12 MHz 


//PD7811G-36 




/uPD7810CW 64-pin plastic shrink DIP 


12 MHz 


^/PD7811CW 





E 
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NEC 



Pin Identification 


No. 


Symbol 


Function 


1-8 


PA -PA 7 


Port A I/O 


9-16 


PB0-PB7 


Port B I/O 


17 


PC /TxD 


Port C I/O line O/Transmit data output 


18 


Pty/RxD 


Port C I/O line 1 /Receive data input 


19 


PC 2 /SCK 


Port CI/0 line 2/Serial clock I/O 


20 


PC3/TI/ 
INT2 


Port C I/O line 3/Timer input/Interrupt 
request 2 input 


21 


PC4/TO 


Port C I/O line 4/Timer output 


22 


PC5/CI 


Port C I/O line 5/Counter input 


23,24 


PC 6 , PC 7 / 
C0 , COt 


Port C I/O lines 6, 7/Counter outputs 0, 1 


25 


NM! 


Nonmaskable interrupt input 


26 


INT1 


Interrupt request 1 input 


27 


M0DE1/M1 


Mode 1 input/Memory cycle 1 output 


28 


RESET 


Reset input 


29 


MODEO/ 
10/M 


Mode input/l/O/Memory output 


30, 31 


X2.X1 


Crystal connections 1,2 


32 


Vss 


Ground 


33 


AV SS 


Port T threshold voltage input 


34-41 


AN0-AN7 


A/D converter analog inputs 0-7 


42 


Varef 


A/D converter reference voltage 


43 


AV CC 


A/D converter power supply 


44 


RD 


Read strobe output 


45 


WR 


Write strobe output 


46 


ALE 


Address latch enable output 


47-54 


PF0-PF7 


Port F l/O/Expansiom memory address bus 
(bits 8-15) 


55-62 


PD0-PD7 


Port D I/O/Expansion memory address/ 
data bus 


63 


VOD 


RAM backup power supply 


64 


Vcc 


5 V power supply 



Pin Functions 

PA0-PA7 [Port A] 

Port A is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port A inputs. 

PB0-PB7 [Port B] 

Port B is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port B inputs. 



PC0-PC7 [Port C] 

Port C is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Alternatively, the lines of port C can be used as control 
lines for the USART and timer. Reset puts all lines of 
port C in port mode, input. 

TxD [Transmit Data]. Serial data output terminal. 

RxD [Receive Data]. Serial data input terminal. 

SCK [Serial Clock]. Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

Tl [Timer Input]. Timer input terminal. 



INT2 [Interrupt Request 2]. Falling-edge-triggered, 
maskable interrupt input terminal and AC-input, zero- 
cross detection terminal. 

TO [Timer Output]. The output of TO is a square wave 
with a frequency determined by the timer/counter. 

CI [Counter Input]. External pulse input to timer/event 
counter. 

COo, CO1 [Counter Outputs 0, 1]. Programmable 
rectangular wave outputs based on timer/event 
counter. 

PD0-PD7 [Port D] 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When 
external expansion memory is used, port D acts as the 
multiplexed address/data bus. 

PF0-PF7 [Port F] 

Port F is an 8-bit three-state port. Each bit is 
independently programmable as an input or output. 
When external expansion memory is used, port F 
outputs the high-order address bits. 

AN0-AN7 

These are the eight analog inputs to the A/D converter. 
AN4-AN7 can also be used as a digital input for falling 
edge detection. 

AVss [A/D Converter Power Ground] 

AVss is the ground potential for the A/D converter 
power supply. 

NMI [Nonmaskable Interrupt] 

Falling-edge-triggered nonmaskable interrupt input. 
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INT1 [Interrupt Request 1] 

INT1 is a rising-edge-triggered, maskable interrupt 
input. It is also an AC-input, zero-cross detection 
terminal. 



RESET [Reset] 



When the RESET input is brought low, it initializes the 
//PD7810/11. 

MODE1, MODEO [Mode 1, 0] 

The MODE1 and MODEO inputs select the memory 
expansion mode. MODE1 also outputs the M1 signal 
during each opcode fetch. MODEO outputs the K5/M 
signal. 

Varef [A/D Converter Reference] 

Varef set the upper limit for the A/D converter's 
conversion range. 

AVcc [A/D Converter Power] 

This is the power supply voltage for the A/D converter. 

RD [Read Strobe] 

The RD output goes low to gate data from external 
devices onto the data bus. RD goes high during reset. 



WR [Write Strobe] 

The WR output goes low to indicate that the data bus 
holds valid data. It is a strobe signal for external 
memory or I/O write operations. WR goes high during 
reset. 

ALE [Address Latch Enable] 

The ALE output latches the address signal to the 
output of PD -PD 7 . 

X1, X2 [Crystal Connections 1, 2] 

X1 and X2 are the system clock crystal oscillator 
terminals. X1 is the input for an external clock. 

Vss [Ground] 

Ground potential. 

Vdd [Backup Power] 

Backup power for on-chip RAM. 

Vcc [Power Supply] 

+5 V power supply. 



E 
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Block Diagram 
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Functional Description 

Memory Map 

The/yPD7811 can directly address up to 64K bytes of 
memory. Except for the on-chip ROM (0-4095) and RAM 
(65280-65535), any memory location can be used as 
ROM or RAM. The memory map, figure 1 , defines the 
to 64K byte memory space for the /uPD781 1 . 

Input/Output 

The /7PD781 0/11 has 8 analog input lines (AN -AN 7 ), 
44 digital I/O lines, five 8-bit ports (port A, port B, port 
C, port D, port F), and 4 input lines (AN4-AN7). 

Analog Input Lines. AN -AN7 are configured as 
analog input lines for on-chip A/D converter. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output. 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. 

Port D. Port D can be programmed as a byte input or a 
byte output. 

AN4-AN7. The high order analog input lines, AN4-AN7, 
can be used as digital input lines for falling edge 
detection. 

Control Lines. Undersoftware control, each line of port 
C can be configured individually to provide control 
lines for the serial interface, timer, and timer/counter. 

Memory Expansion. In addition to the single-chip 
operation mode, the//PD781 1 has four memory expan- 
sion modes. Undersoftware control, port D can provide 
a multiplexed low-order address and data bus; port F 
can provide a high-order address bus. Table 1 shows 
the relation between memory expansion modes and 
the pin configurations of port D and port F. 



Table 1. 


Memory Expansion Modes and Port 
Configurations 


Memory 
Expansion 




Port Configuration 


None 


PortD 
Port F 


I/O port 
I/O port 


256 Bytes 


PortD 
Port F 


Multiplexed address/data bus 
I/O port 


4K Bytes 


Port D 
Port F0-F3 
Port F4-F7 


Multiplexed address/data bus 
Address bus 
I/O port 


16K Bytes 


PortD 
Port F -F 5 
Port F 6 -F 7 


Multiplexed address/data bus 
Address bus 
I/O port 


60K Bytes 


PortD 
Port F 


Multiplexed address/data bus 
Address bus 



Timers 

There are two 8-bit timers. The timers may be program- 
med independently or may be cascaded and used as an 
8-bit timer with 8-bit prescaler. The timer can be 
software set to increment at intervals of four machine 
cycles (1 >us at 12 MHz operation) or 128 machine 
cycles (32/us at 12 MHz), orto increment on receipt of a 
pulse at Tl. Figure 2 shows the block diagram for the 
timer. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 
3) can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable square-wave output 



E 
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Figure 1. Memory Map 
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Figure 2. Timer Block Diagram 
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Figure 3. Block Diagram for Timer/Event Counter 
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8-Bit A/D Converter 

• 8 input channels 

• 4 conversion result registers 

• 2 powerful operation modes 

— Autoscan mode 

— Channel select mode 

• Successive approximation technique 

• Absolute accuracy: +1.5 LSB (+0.6%) 

• Conversion range: to 5 V 

• Conversion time: 48 /ys 

• Interrupt generation 



Analog/Digital Converter 

The yuPD7810/11 features an 8-bit, high speed, high 
accuracy A/D converter. The A/D converter is made up 
of a 256-resistor ladder and a successive approximation 
register (SAR). There are four conversion result 
registers (CR0-CR3). The 8-channel analog input may 
be operated in either of two modes. In the select mode, 
the conversion value of one analog input is sequentially 
stored in CR0-CR3. In the scan mode, the upper four 
channels or the lower four channels may be specified. 
Then those fourchannels will be consecutively selected 
and the conversion results stored sequentially in the 
four conversion result registers. Figure 4 shows the 
block diagram for the A/D converter. 
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Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and eight are internal. The following, table 2, 
shows 11 interrupt sources divided into six priority 
levels. See figure 5. 

Standby Function 

The standby function saves the top 32 bytes of RAM with 
backup power (Vqd) if the main power (Vcc) fails. On 
power-up, you can check the standby flag (SB) to 
determine whether recovery was made from standby 
mode or from a cold start. 



Table 2. 


Interrupt 


Sources 




Interrupt 
Request 


Interrupt 
Address 


Type of Interrupt 


Internal/ 
External 


IRQO 


4 


NMI (Nonmaskable interrupt) 


Ext 


IRQ1 


8 


INTTO (Coincidence signal from 
timer 0) 

INTT1 (Coincidence signal from 
timer 1) 


Int 


IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


Ext 


IRQ3 


24 


INTEO (Coincidence signal from 
timer/event counter) 

INTE1 (Coincidence signal from 
timer/event counter) 


Int 


IRQ4 


32 


INTEIN (Falling signal of CI and 
TO counter) 


Int/Ext 




INTAD (A/D converter interrupt) 




IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Int 



Figure 4. A/D Converter Block Diagram 
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Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfers data MSB first, for easy 
interfacing to certain NEC peripheral devices. Syn- 
chronous and asynchronous modes transfer data LSB 
first. Synchronous operation offers two modes of data 
reception: search and nonsearch. In the search mode, 
data is transferred one bit at a time from the serial 
register to the receive buffer. This allows a software 
search for a sync character. In the nonsearch mode, 
data transfer from the serial register to the transmit 
buffer occurs eight bits at a time. Figure 6 shows the 
universal serial interface block diagram. 

Figure 5. Interrupt Structure Block Diagram 
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Figure 6. Universal Signal Interface Block Diagram 
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Zero-Crossing Detector 



The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low- 
frequency AC signals. When driven directly, these pins 
respond as a normal digital input. Figure 7 shows the 
zero-crossing detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase-sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
approximately 1-3 VAC (peak-to-peak) and a maximum 
frequency of 1 kHz is co upled through an external 
capacitor to the INT1 and INT2 pins. 

ForthelNTI pin, the internal digital state is sensed as a 
until the rising edge crosses the average DC level, 
when it becomes a 1 and INT1 interrupt is generated. 

For the INT2 pin, the state is sensed as a 1 until the 
falling edge cros ses t he average DC level, when it 
becomes a and INT2 interrupt is generated, 

Figure 7. Zero-Crossing Detection Circuit 
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Absolute Maximum Ratings 

Power supply voltages, Vrjrj 



-0.5 V to +7.0 V 



Vdo 



-0.5 V to +7.0 V 



AVcc 



-0.5 V to +7.0 V 



AV SS 


-0.5 V to +0.5 V 


Input voltage, V| 


-0.5 V to +7.0 V 


Output voltage, Vn 


-0.5 V to +7.0 V 


Reference input voltage, Varef 


-0.5 V to Vrjc 


Operating temperature, Topr 
10MHz<f X TAL^12MHz 


-10°C to +70°C 


fXTAL - 10 MHz 


-40°Cto-85°C 


Storage temperature, Tstg 


-65 °C to +150°C 



Comment: Exposing the device to stresses above those listed in 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Operating Conditions 




Oscillating frequency 


T A 


Vcc> *"cc 


fXTAL ^ 10 MHz 


-40°Cto+85°C 


+5.0 V ±10% 


10MHz<f X TAL^12MHz 


-10°Cto+70°C 


+5.0 V ±5% 


Capacitance 

T A =25 °C; V CC = V DD = V SS = 


OV 






Limits 


Test 


Parameter Symbol Min 


lyp Max Unit Conditions 



Capacitance 



Output 
capacitance 



Co 



20 



pF Af c = 1 MHz. 
— — Unmeasured 

P pins returned 
to V. 



I/O capacitance 



Cio 



20 pF 



Recommended XTAL Oscillation Circuit 
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II • 


X1 
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II *. 
y c 


C = 10 pF 
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DC Characteristics 

T A = -10°C to +70 °C; V cc = +5.0 V ±5%; V ss = V; V DD = V cc 
- 0.8 V to V cc 



Serial Operation 





Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max Unit 


Conditions 


Input low 
voltage 


VlL 





0.8 V 





Input high 
voltage 



V|hi 2.0 Vcc V All except SCK, 

RESET, X1 and 
X2 



V| H2 0.8 V CC 





V|H3 


0.8 V DD 


Vcc 


V 


RESET 


Output low 
voltage 


Vol 




0.45 


V 


Id = 2.0 mA 


Output high 
voltage 


Voh 


2.4 




V 


l OH = -200//A 


Data 

retention 

voltage 


Vdddr 


3.2 




V 


V CC = 0V; 
RESET = V| L 


Input current 


ll 




±200 


M 


INT1,TI(PC 3 ); + 
0.45 V < V| < 

Vcc 


Input leakage 
current 


lu 




±10 


J«A 


All except 
INT, TI(PC 3 ) 
0V<V|<V cc 


Output leakage 
current 


"lo 




±10 


/"A 


+0.45 V < V 

^v cc 


AV C c supply 
current 


Alec 


I 


5 12 


mA 





V DD supply 
current 



Vcc supply 
current 



Idd 



Ice 



1.5 3.5 mA T A = -40to 
+85 °C 

3.2 mA V C c = V 0D = 

5VT A = -10to 
+70 °C 



150 220 mA T A = -40to 
+85°C; V CC = 
V DD = 5V 



Vcc V SCK.X1.X2 __ 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


SCK cycle time 


tCYK 


1 




/US 


SCK input (1) 




500 




ns 


(2) 




2 




MS 


SCK output 


SCK width low 


l KKL 


750 




ns 


SCKinput(1) 




200 




ns 


SCK input (2) 




900 




ns 


SCK output 


SCK width high 


tKKH 


750 




ns 


SCK input (1) 




200 




ns 


SCK input (2) 




900 




ns 


SCK output 


RxD set-up time to SCK t 


l RXK 


80 




ns 


(D 


RxD hold time after 
SCK T 


*KRX 




80 


ns 


(D 


SClUTxD delay time 


tKTX 




210 


ns 


(D 



Note: 

(1) 1x baud rate in asynchronous, synchronous, or I/O interface 
mode. 

(2) 16x baud rate or 64x baud rate in asynchronous mode. 

Zero-Cross Characteristics 



E 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Zero-cross detection 
input 


v zx 


1 3 


V ac, p-p 


Ac coupled 


Zero-cross accuracy 


AZX 


±135 


mV 


60-Hz sine 
wave 


Zero-cross detection 
input frequency 


fzx 


0.05 1 


kHz 
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AC Characteristics 

Read/ Write Operation 

V SS = V, V CC - 0.8 V < V DD < V CC 





Symbol 




Limits 






Unit 






f XTAL = 


10 MHz 


f XTAL = 


= 12 MHz 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions (1) 


RESET pulse width 


tRP 


6.0 




5.0 




flS 




Interrupt pulse width 


t|P 


3.6 




3.0 




/US 




Counter input pulse width 


trji 


600 




500 




ns 


Event counter mode 




tci 


4.8 




4.0 




/US 


Pulse width measurement mode 


Timer input pulse width 


t T | 


600 




500 




ns 




X1 Input cycle time 


tfJYC 


100 


250 


83 


250 


ns 




Address set-up to ALE 1 


tAL 


100 




65 




ns 




Address hold after ALE 1 


tLA 


70 




50 




ns 




Address to RD i delay time 


l AR 


200 




150 




ns 




RD 1 to address floating 


*AFR 




20 




20 


ns 




Address to data input 


*AD 




480 




360 


ns 




ALE 1 to data input 


l LDR 




300 




215 


ns 




RD \ to data input 


l RD 




250 




180 


ns 




ALE 1 to RD I delay time 


tLR 


50 




35 




ns 




Data hold time to RD t 


tRDH 












ns 




RD t to ALE t delay time 


tRL 


150 




115 




ns 




RD width low 


tRR 


350 




280 




ns 


Data read 






650 




530 




ns 


Opcode fetch 


ALE width high 


tLL 


160 




125 




ns 




MT setup time to ALE 1 


*ML 


100 




65 




ns 




Ml hold time after ALE I 


*LM 


70 




50 




ns 




10/M setup time to ALE 1 


t| L 


100 




65 




ns 




10/ M hold time after ALE i 


tu 


70 




50 




ns 




Address to WR 1 delay 


*AW 


200 




150 




ns 




ALE i to data output 


l LDW 




210 




195 


ns 




WR 1 to data output 


two 




100 




100 


ns 




ALE i to WR i delay 


l LW 


50 




35 




ns 




Data set-up time to WR t 


l DW 


300 




230 




ns 




Data hold time to WR t 


tWDH 


130 




95 




ns 




WR t to ALE t delay time 


twL 


150 




115 




ns 




WR width low 


tww 


350 




280 




ns 





Note: 

(1 ) Load capacitance: C|_ = 150 



pF. 
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A/D Converter Characteristics 

T A = -1 0°C to +70°C; V cc = AV CC = 5.0 V ±5%; V ss = AV SS = V; 
V A REF = AV CC - 0.5 V to AV CC - 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ Max 


Conditions 


Resolution 




8 


Bits 





Absolute 
accuracy 



0.4% LSB T A = -10°Cto 

±1/2 +50 °C 

0.6% LSB T A = -10°Cto 

±1/2 +70°C(Note1) 



Conversion tcrjNV 576 
time 

432 



tcYC 83 ns < tcYC - 
110 ns 



t C YC 110ns<t CY c: 
170 ns 



Sampling t S AMP 96 

time 



tcYC 83 ns ^ l CYC : 
110 ns 



72 



t C YC 110ns<t CY c< 
170 ns 



Analog 
input voltage 


Via 





Varef v 


Analog 
resistance 


Ran 




1000 win 


Analog 

reference 

current 


Iaref 


0.2 


0.5 1.5 mA 



Note: 

(1) In case of f X jAL ^ 1 M Hz, T A = -40°C to +85°C. 



Bus Timing Depending on tcyc 




Symbol 


Calculating Expression 


Min/Max 


l RP 


60T 


Min 


tTI 


6T 


Min 


tci(2) 


6T 


Min 


trjlP) 


48T 


Min 


tip 


36T 


Min 


tAL 


2T - 100 


Min 


tLA 


T-30 


Min 


l AR 


3T - 100 


Min 


l AD 


7T - 220 


Max 


l LDR 


5T - 200 


Max 


l RD 


4T-150 


Max 


tLR 


T - 50 


Min 


tRL 


2T - 50 


Min 


l RR 


4T - 50 (Data Read) 


Min 




7T - 50 (Opcode Fetch) 




tLL 


2T - 40 


Min 


Uw 


3T -100 


Min 


tLDW 


T + 110 


Max 


*LW 


T-50 


Min 


tow 


4T - 100 


Min 


%DH 


2T - 70 


Min 


l WL 


2T - 50 


Min 


tww 


4T-50 


Min 


tCYK 


20T (SCK input)(1) 
24T (SCK output) 


Min 


l KKL 


10T-80(SCKinput)(1) 


Min 




12T - 100 (SCK output) 




l KKH 


10T-80(SCKinput)(1) 


Min 




12T - 100 (SCK output) 





E 



Note: 

(1) 1x Baud rate in asynchronous, synchronous, or I/O interface 
mode. 

T:=t CYC = 1/ f XTAL- 

The items not included in this list are independent of oscillator 

frequency (f X TAi_)- 

(2) Event counter mode. 

(3) Pulse width measurement mode. 
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Timing Waveforms 

Read Operation 



AB 15 -AB„ — V/ V ' 
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Note: (1] IO/M signal Is output to the MODEO pin during a read or write of special 
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XX 
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Write Operation 
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registers] Sr-Sr2, if MODEO is pulled up to Vcc- 



/ 



XX 



XX 



¥ 



4-88 



NEC 



//PD7810/11 



Timing Waveforms (cont) 

Opcode Fetch Operation 



AB 15 - AB, — V/ V * 



(pf 7 
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[1] M1 signal is output to the MODE1 pin during Opcode Fetch if MODE1 pin is 
pulled up to V cc . 
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Serial Operation Transmit/Receive Timing 
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Operand Format/Description 



Remarks 



Format 



rp 
rp1 
rp2 
rp3 



Description 



r V, A, B,C, D, E, H, L 

r1 EAH, EAL, B, C, D, E, H, L 

r2 A, B, C 



sr PA, PB,PC,PD, PF, MKH, MKL, ANM, SMH, SML, EOM, 

ETMM, TMM, MM, MCC, MA, MB, MC, 

MF, TxB, TM , TMt 
sr1 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB, 

CRO, CR1.CR2, CR3 
sr2 PA, PB, PC, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM 

sr3 ETM , ETMi 

sr4 ECNT, ECPT 



SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B, D, H 



rpa B, D, H, D+ , H + , D -, H - 

rpal B, D, H 

rpa2 B, D, H, D +, H + , D -, H -, D + byte, H + A, H + B, 

H + EA, H + byte 
rpa3 D, H, D + +, H + +, D + byte, H + A, H + B, H + EA, 

H + byte 



wa 


8-Bit immediate data 




word 
byte 
bit 


16-Bit immediate data 
8-Bit immediate data 
3-Bit immediate data 




f CY, HC,Z 


irff ■ 


FNMI, FTO, FT1,F1,F2, 
OV, AN 4 , AN 5 , AN 6 , AN 7 


FEO, FE1, FEIN, FAD, FSR, FST, ER, 
,SB 


Instruction Set Symbol Definitions 


Symbol 


Description 


— 




Transfer direction, result 


A 




Logical product (logical AND) 


V 




Logical sum (logical OR) 


-V- 




Exclusive OR 


— Complement 


• 




Concatenation 



1. sr-sr4 (special register) 



PA = Port A 

PB = Port B 

PC = Port C 

PD = Port D 

PF = Port F 

MA - Mode A 

MB = Mode B 

MC = Mode C 

MCC = Mode Control C 

MF = ModeF 

MM = Memory Mapping 
TMq = Timer Register 
TMi = Timer Register 1 
TMM = Timer Mode 
ETMq = Timer/Event 
Counter Register 
ETM-| .= Timer/Event Counter 
Register 1 



ECNT = Timer/Event 
Counter Upcounter 
ECPT = Timer/Event 
Counter Capture 

ETMM = Timer/Event 
Counter Mode 
EOM = Timer/Event 
Counter Output Mode 

TxB = TX Buffer 

RxB = RX Buffer 

SMH = Serial Mode High 

SML = Serial Mode Low 

MKH = Mask High 

MKL = Mask Low 

ANM = A/D Channel Mode 

CRo = A/D Conversion Result 0-3 

toCR 3 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



3. rpa-rpa3 (rp addressing) 



B = (BC) 


D + + = (DE) ++ 


D = (DE) 


H + + - (HL) ++ 


H = (HL) 


D + byte = (DE) + byte 


D + = (DE) + 


H + A = (HL) + (A) 


H- = (HL)- + 


H + B = (HL) + (B) 


D- = (DE)- 


H + EA = (HL) + (EA) 


H- = (HL)- 


H + byte = (HL) + byte 



4. f (flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



NMI = NMI* Input 

FTO = INTFTO 
FT1 = INTFT1 
F1 = INTF1 
F2 = INTF2 
FE0 = INTFE0 
FE1 = INTFE1 



FEIN = INTFEIN 

FAD = INTFAD 

FSR = INTFSR 

FST = INTFST 

ER = Error 

OV = Overflow 

AN4 to AN7 = Analog Input 4-7 

SB = Standby 



4-90 



Instruction Set 







Operation 












Operation Code 




State( 11 


Bytes 




Mnemonic Operand 


7 


6 


5 


B1 

B3 

4 3 


2 


1 


7 6 


B2 

B4 
5 4 3 2 10 


Skip 
Condition 


8-Bit Data Transfer 


MOV r1, A 


(rD - (A) 













1 1 


T 2 


Tl T 






4 


1 




A, r1 


(A) - (M) 













1 


T 2 


Ti T 






4 


1 




*sr,A 


(sr)-(A) 







1 





1 


1 


1 


1 1 


S5 S4 S3 S2 Si s 


10 


2 





8 





*A,sr1 


(A) - (sr1) 





1 





110 





1 1 


S5 S4 S3 S2 


Si 


So 


10 


2 






r,word 


(r) *- (word) 





1 




10 





1 


1 1 R 2 
High addr 


R1 


Ro 


17 


4 












Low addr 








word,r 


(word) *- (r) 





1 




10 





1 


1 1 1 R 2 
High addr 


R1 


Ro 


17 


4 












Low addr 






MVI 


*r,byte 


(r) — byte 
set L1 if r = A 
set LO if r = L 





1 




1 R 2 R-i 


Rrj 




Data 






7 


2 


L1 = 1 and r = A 
LO = 1 and r = L 




sr2,byte 


(sr2) *- byte 





1 




10 





S3 


S 2 


Si 


So 


14 


3 












Data 






MVIW 


*wa, byte ((V)«(wa)) "~ byte 





1 




1 


1 




Offset 






13 


3 












Data 














MVIX 


*rpa1,byte (rpal) *— byte 





1 





1 At 


A 




Data 






10 


2 




STAW 


*wa 


((V).(wa))«-A 





1 




1 


1 




Offset 






10 


2 




LDAW 


*wa 


(A) - ((V).(wa)) 











0000 


1 




Offset 






10 


2 




STAX 


*rpa2 


(rpa2) - (A) 


A 3 







11 A 2 A{ 


A 




Data (2) 






7/13(3) 


2 




LDAX 


*rpa2 


(A) *~ «rpa2)) 


A3 







1, A 2 At 


A 




Data (2) 






7/13(3) 


2 





EXX 




(B) — (B'),(C) — (C'),(D) ~* (D') 
(E) *~ (B),(H) ** (H'),(L) — (L') 








1 








1 


4 1 


EXA 




(V) ~ (V'),(A) .** (A'),(EA) — (EA') 








1 











4 1 


EXH 




(H) ** (H'),(L) ** (L') 


1 





1 











4 1 


16-Bit Data Transfer 


BLOCK 


D 


((DE))— ((HL)),(DE)-(DE + 1), 
(HL)-(HL) + 1,(C) -(C)-1 
End if borrow 





1 


1 








1 


13 x 1 
(C + D 


DMOV 


rp3,EA 


(rp3 L ) — (EAL),(rp3 H ) *- (EAH) 


1 


1 


1 


1 


Pi 


Po 


4 1 




EA,rp3 


(EAL) - (rp3 L ),(EAH) - (r P 3 H ) 


1 


1 





1 


Pi 


Po 


4 1 



a 

00 

o 
s 




Instruction Set (cont) 



V 
D 

00 

! 



Operation Code 



Mnemonic Operand 



Operation 



B3 
6 5 4 3 2 



1 



84 
6 5 4 3 2 



1 



State(l) 



Skip 
Bytes Condition 



16-Bit Data Transfer (cont) 



DMOV 


sr3, EA 


(sr3)-(EA) 








10 








1 


1 


10 




Uo 


14 


2 




EA,sr4 


(EA)—(sr4) 








10 








1 


1 





Vi 


Vo 


14 


2 


SBCD 


word 


(word) — (C), (word + 1) — (B) 





1 


1 














111 







20 


4 








Low addr 










High addr 








SDED 


word 


(word) — (E), (word + 1) — (D) 





1 


1 














10 11 







20 


4 








Low addr 










High addr 








SHLD 


word 


(word) *r (L), (word + 1) — (H) 





1 


1 














1111 







20 


4 








Low addr 










High addr 








SSPD 


word 


(word) — (SP L ),(word + 1) — (SP H ) 





1 


1 














11 







20 


4 








Low addr 










High addr 








STEAX 


rpa3 


((rpa3)).— (EAL),((rpa3) + 1 — (EAH) 








1 








1 





1 C 3 C 2 


Ci 


Co 


14/20(3) 


3 








Data(4) 








LBCD 


word 


(C) — (word).(B) — (word + 1) 





1 


1 














11 1 




1 


20 


4 








Low addr 










High addr 








LDED 


word 


(E) — (word).(D) — (word + 1) 





1 


1 Q 














10 11 




1 


20 


4 








Low addr 










High addr 








LHLD 


word 


(L) — (word),(H) *~ (word + 1) 





1 


1 














1111 




1 


20 


4 








Low addr 










High addr 








LSPD 


word 


(SP L ) ^(word),(SP H ) — ((word) + 1) 





1 


1 














11 
High addr 




1 


20 


4 








Low addr 








LDEAX 


rpa3 


(EAL)«-((rpa3)),(EAH)-((rpa3) + 1) 








1 








1 





C 3 C 2 


Ci 


Co 


14/20(3) 


3 



Data(4) 



PUSH rpt ((SP) - 1) — (r P 1 H ) ((SP) - 2) — (rp1 L ) 
(SP)*-(SP)-2 


1 





1 


1 Q 2 Qi 


Qo 










13 


1 




POP rp1 (rp10*-((SP)),(rp1 H )*-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 


Q 2 Qi 


Qo 










10 


1 




LXI *rp2,word (rp2) — (word) 





p 2 


Pi 


P 1 
High byte 









Low byte 




10 


3 


LO = 1 and 


set LO if rp2 = H 










rp2 = H 


TABLE (C) *~ ((PG)+3+(A)),B — ((PC)+3+(A)+ 1) 





1 





10 





1 





10 10 





17 


2 




8-Bit Arithmetic [Register] 


ADD A,r (A) — (A) + (r) 





1 


1 








1 


1 


R 2 Ri 


Ro 


8 


2 




r.A (r) - (r) + (A) 





1 


1 











1 


R 2 fy 


Ro 


8 


2 




ADC A,r (A) — (A) + (r) + (CY) 





1 


1 








1 


1 


1 R 2 Ri 


Ro 


8 


2 





r,A (r) - (r) + (A) + (CY) 



01100000 10 10 R 2 Ri Rp 



8 



Instruction Set (cont) 





Operand 


Operation 












Operation Code 














State( 1) 


Bytes 




Mnemonic 


7 


6 5 4 


B1 

B3 
3 


2 


1 





7 


6 


5 


B2 

B4 

4 


3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic [Register] (cont) 


ADDNC 


A,r 


(A)-(A) + (r) 





1 

















1 













R 2 


Ri 


Ro 


8 


2 


No carry 




r,A 


(r) *- (r) + (A) 





1 































R 2 


Ri 


Rrj 


8 


2 


No carry 


SUB 


A,r 


(A) - (A) - (r) 





1 

















1 


1 










R 2 


Ri 


Ro 


8 


2 






r,A 


(r) *- (r) - (A) 





1 ' 




















1 










R 2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A).*"(A)-(r)-(CY) 





1 

















1 


1 




1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) - (A) - (CY) 





1 




















1 




1 





R 2 


Ri 


Ro 


8 


2 




SUBNB 


A,r 


(A) - (A) - (r) 





1 1 

















1 







1 





R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r)*-(r)-(A) 





1 

























1 





R 2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A)-(A)A(r) 





1 

















1 











1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r)*-(r)A(A) 





1 





























1 


R 2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A) *~ (A) V (r) 





1 

















1 








1 


1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 





1 


























1 


1 


R 2 


Ri 


Ro 


8 


2 




XRA 


A,r 


(A)-(A)¥(r) 





1 

















1 








1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)V(A) 





1 


























1 





R 2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A) - (r) - 1 





1 

















1 










1 


R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (A) - 1 





1 




























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A)-(r) 





1 

















1 







1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r)-(A) 





1 

























1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A)-(r) 





1 

















1 









1 


R 2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r) - (A) 





1 



























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A) - (r) 





1 

















1 






1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(r) - (A) 





1 
























1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A,r 


(A)A(r) 





1 

















1 










1 


R 2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A)A(r) 





1 

















1 







1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


8-Bit Arithmetic [Memory) 






ADOX 


rpa 


(A) — (A) + ((rpa)) 





1 
















1 













A 2 


Ai 


Ao 




2 




ADCX 


rpa 


(A)-(A) + ((rpa)) + (CY) 





1 
















1 







1 





A 2 


Al 


Ao 




2 




ADDNCX 


rpa 


(A)-(A) + ((rpa)) 





1 
















1 





1 








A 2 


Ai 


Ao 




2 


No carry 


SUBX 


rpa 


(A) *"(A)- ((rpa)) 





1 
















1 




1 








A 2 


Ai 


Ao 




2 




SBBX 


rpa 


(A) -(A)- ((rpa)) -(CY) 





1 
















1 




1 


1 





A 2 


Ai 


Ao 




2 




S.UBNBX 


rpa 


(A) -(A) -((rpa)) 





1 
















1 





1 


1 





A 2 


Ai 


Ao 




2 


No borrow 


ANAX 


rpa 


(A) -(A) A ((rpa)) 





1 
















1 











1 


A 2 


Ai 


Ao 




2 




ORAX 


rpa 


(A) «- (A) V ((rpa)) 





1 
















1 








1 


1 


A 2 


Ai 


Ao 




2 





8 



1= 
■0 
D 
*J 

00 

■dk 

o 
s 



Instruction Set (cont) 





Operand 


Operation 








Operation Code 












State(l) 


Bytes 




Mnemonic 


7 6 


Bl 

B3 
5 4 3 


2 


1 





7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic (Memory) 


[cont) 


XRAX 


rpa 


(A)-(A)¥((rpa)) 


1 


1 1 



















1 


A 2 A! 


Ao 


11 


2 




GTAX 


rpa 


(A)-((rpa))-1 


1 


1 1 
















1 


1 


A 2 A 1 


Ao 


11 


2 


No borrow 


LTAX 


rpa 


(A) -((rpa)) 


1 


1 1 
















1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Borrow 


NEAX 


rpa 


(A) - ((rpa)) 


1 


1 1 













1 


1 


1 


A 2 At 


Ao 


11 


2 


No zero 


EQAX 


rpa 


(A) - ((rpa)) 


1 


1 1 













1 


1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 


A 2 At 


Ao 


11 


2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


Immediate Data 




AOI 


*A,byte 


(A) — (A) + byte 


1 







1 











Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


1 1 













1 








R 2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) *- (sr2) + byte 


1 


1 










S 3 


1 








S 2 


Si 


So 


20 


3 








Data 










ACI 


*A,byte 


(A) <- (A) + byte + (CY) 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) — (r) + byte + (CY) 


1 


1 1 













1 





1 


R 2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) *- (sr2) + byte + (CY) 


1 


1 










S 3 


1 





1 


S 2 


Si 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) r - (A) + byte 





1 




1 











Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 1 





















R 2 


Ri 


Ro 


11 


3 


No carry 






Data 


























sr2,byte 


(sr2)"— (sr2) + byte 


1 


1 










S 3 










S 2 


Si 


So 


20 


3 


No carry 






Data 
























SUI 


*A,byte 


(A) — (A)- byte ■ 


1 


10 




1 











Data 








7 


2 






r.byte 


(r) *~ <r) - byte 


1 


1 1 













1 







R 2 


Ri 


Ro 


11 


3 








Data 


























sr2,byte 


(sr2) — . (sr2) - byte 


1 


1 










s 3 


1 







S 2 


Si 


So 


20 


3 








Data 
























SBI 


*A,byte 


(A) — (A) - byte - (CY) 


1 


1 1 




1 











Data 








7 


2 






r.byte 


(r)-(r)-byte-(CY) 


1 


1 1 
Data 













1 




1 


R 2 


Ri 


Ro 


11 


3 
























sr2,byte 


(sr2) *- (sr2) - byte - (CY) 


1 


1 
Data 


1 








S3 


1 




1 


s 2 


Si 


So 


20 


3 





O 
00 

s 



8 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 



B1 



B2 



B3 B4 

76 543210 76543210 Stated ) 



Skip 
Bytes Condition 



Immediate Data (cont) 



SUINB 


*A,byte 


(A) *- (A) - byte 








1 1 


1 











Data 








7 


2 


No borrow 




r,byte 


(r) — (r) - byte 







1 1 














1 


1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 










sr2,byte 


(sr2) — (sr2) - byte 







1 








S3 





1 


1 


s 2 


Si 


So 


20 


3 


No borrow 








Data 








ANI 


*A,byte 


(A) — (A) A byte 











1 


1 








Data 








7 


2 






r.byte 


(r) — (r) A byte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) A byte 







1 








s 3 








1 


s 2 


Si 


So 


20 


3 










Data 








ORI 


*A,byte 


(A) — (A) V byte 








1 


1 


1 








Data 








7 


2 






r.byte 


(r) — (r) V byte 







1 1 

















1 1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) *- (sr2) V byte 







1 








S3 








1 1 


s 2 


Si 


So 


20 


3 










Data 








XRI 


*A,byte 


(A) — (A) ¥ byte 








1 


1 











Data 








7 


2 






r.byte 


(r) *- (r)-V-byte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) *- (sr2) V byte 







1 








S3 








1 


s 2 


Si 


So 


20 


3 










Data 








GTI 


*A,byte 


(A) - byte - 1 








1 


1 


1 








Data 








7 


2 


No borrow 




r.byte 


(r) - byte - 1 







1 1 
















1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 
























sr2,byte 


(sr2) - byte - 1 







1 








S 3 







1 


S 2 


Si 


So 


14 


3 


No borrow 








Data 






















LTI 


*A,byte 


(A) - byte 








1 1 


1 


1 








Data 








7 


2 


Borrow 




r,byte 


(r) - byte 







1 1 
















1 1 


R 2 


Ri 


Ro 


11 


3 


Borrow 








Data 
























sr2,byte 


(sr2) - byte 







1 








S3 







1 1 


S 2 


Si 


So 


14 


3 


Borrow 








Data 






















NEI 


*A,byte 


(A) - byte 







1 


1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) - byte 







1 1 











1 




1 


R 2 


Ri 


Ro 


11 


3 


No zero 



Data 



TJ 
O 
^J 
00 

o 

S 



Instruction Set (cont) 





Operand 


Operation 






Operation Code 














State(l) 


Bytes 




Mnemonic 


7 6 


B1 

B3 
5 4 3 i 


2 1 





7 


6 


s 


B2 

B4 

4 


3 


2 


1 





Skip 
Condition 


Immediate Data (cont) 


NEI 


sr2,byte 


(sr2) - byte 




1 


1 
Data 


1 





S 3 




1 





1 


s 2 


Si 


So 


14 


3 


No zero 






















EQI 


*A,byte 


(A) - byte 




1 


1 1 


1 


1 








Data 








7 


2 


Zero 




r.byte 


(r) - byte 




1 


1 1 


1 










1 


1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 


























sr2,byte 


(sr2) - byte 




1 


1 








s 3 




1 


1 


1 


S 2 


Si 


So 


14 


3 


Zero 






Data 
























ONI 


*A,byte 


(A) A byte 




1 





1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) A byte 




1 


1 1 



















1 


R 2 


Ri 


Ro 


11 


3 


No zero 






Data 


























sr2,byte 


(sr2)Abyte 




1 


1 








S 3 










1 


s 2 


Si 


So 


14 


3 


No zero 






Data 
























OFFI 


*A,byte 


(A) A byte 




1 


1 


1 


1 








Data 








7 


2 


Zero 




r.byte 


(r) A byte 




1 


1 1 
















1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 


























sr2,byte 


(sr2) A byte 




1 


1 








s 3 







1 


1 


s 2 


St 


So 


14 


3 


Zero 






Data 
























Working Register 






ADDW 


wa 


(A)-(A) + ((V).(wa)) 




1 


1 1 






























14 


3 








Offset 
























ADCW 


wa 


(A)-(A) + ((V).(wa)) + (CY) 


t 


1 1 















1 














14 


3 








Offset 
























ADDNCW 


wa 


(A)-(A) + ((V).(wa)) 




1 


1 1 












1 

















14 


3 


No carry 






Offset 
























SUBW 


wa 


(A) - (A) - ((V).(wa)) 




1 


1 1 












1 

















14 


3 








Offset 
























SBBW 


wa 


(A)-(A)-((V).(wa))- 


-(CY) 


1 


1 1 












1 


1 














14 


3 








Offset 
























SUBNBW 


wa 


(A) - (A) - ((V).(wa)) 




1 


1 1 













1 


1 














14 


3 


No borrow 






Offset 
























ANAW 


wa 


(A)«-(A)A((V).(wa)) 




1 


1 1 H 
Offset 



















1 











14 


3 





D 
00 



8 



Instruction Set (cont) 



8 



Operation Code 



B1 



B2 



Mnemonic 


Operand 


Operation 


7 


6 


5 


B3 
4 3 2 1 


7 6 


5 


B4 
4 3 


2 


1 





State(l) 


Bytes 


Skip 
Condition 


Working Register (cont) 


ORAW 


wa 


A)- (A) V ((V).(wa)) 









1 














1 











14 


3 












Offset 


















XRAW 


wa 


A) — (A)-V-((V).(wa)) 









1 














1 











14 


3 












Offset 


















GTAW 


wa 


A) - ((V).(wa)) - 1 









1 











1 


1 











14 


3 


No borrow 










Offset 


















LTAW 


wa 


A) - ((V).(wa)) 









1 











1 


1 1 











14 


3 


Borrow 










Offset 


















NEAW 


wa 


(A) - ((V).(wa)) 









1 








1 


1 


1 











14 


3 


No zero 










Offset 


















EQAW 


wa 


(A) - ((V).(w.a)) 









1 








1 


1 


1 1 











14 


3 


Zero 










Offset 


















ONAW 


wa 


(A) A «V).(wa)) 









1 








1 





1 











14 


3 


No zero 










Offset 


















OFFAW 


wa 


(A) A ((V).(wa)) 









1 








1 1 





1 











14 


3 


Zero 










Offset 








ANIW 


*wa,byte 


((V).(wa)) ~- ((V).(wa)) A byte 























Offset 








19 


3 












Data 




















ORIW 


*wa,byte 


((V).(wa)) .<- ((V).(wa)) V byte 











1 


1 








Offset 








19 


3 












Data 




















6TIW 


*wa,byte 


((V).(wa)) - byte - 1 








1 





1 








Offset 








13 


3 


No borrow 










Data 




















LTIW 


*wa,byte 


((V).(wa)) - byte 








1 


1 o 


1 








Offset 








13 


3 


Borrow 










Data 




















NEIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 





1 








Offset 








13 


3 


No zero 










Data 




















EQIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 


1 o 


1 








Offset 








13 


3 


Zero 










Data 




















ONIW 


*wa,byte 


((V).(wa)) A byte 





1 








1 








Offset 








13 


3 


No zero 










Data 




















OFFIW 


*wa,byte 


((V).(wa)) A byte" ' 





1 





1 
Data 


1 








Offset 








13 


3 


Zero 



















"fc: 

II 

D 

•*! 

00 

5 



Instruction Set (cont) 



a 

00 

5 



Operation Code 



B1 
B3 



B2 



Mnemonic Operand 



Operation 



6 5 



3 2 1 



State(1] 



Bytes 



Skip 
Condition 



16-Bit Arithmetic 



EADD 


EA,r2 


(EA) .*- (EA) + (r2) 


1 


r i o 














1 











R-i 


Ro 




2 




DADD 


EA,rp3 


(EA) - (EA) + (rp3) 


1 


1 1 












1 











1 Pi 


Po 




2 




DADC 


EA,rp3 


(EA)— (EA) + (rp3) + (CY) 


1 


1 1 












1 





1 





1 Pi 


Po 




2 




DADDNC 


EA,rp3 


(EA) - (EA) + (rp3) 


1 


1 1 o 























1 Pi 


Po 




2 


No carry 


ESUB 


EA,r2 


(EA) - (EA) - (r2) 


1 


1 1 














1 










Rf 


Ro 




2 




DSUB 


EA,rp3 


(EA) - (EA) - (rp3) 


1 


1 1 












1 










1 Pi 


Po 




2 




DSBB 


EA,rp3 


(EA) •— (EA) - (rp3) - (CY) 


1 


1 1 












1 




1 





1 h 


Po 




2 




DSUBNB 


EA,rp3 


(EA) - (EA) - (rp3) 


1 


1 1 

















1 





1 Pi 


Po 




2 


No borrow 


DAN 


EA,fp3 


(EA) - (EA) A (rp3) 


1 


1 1 





















1 


1 Pi 


Po 




2 




DOR 


EA,rp3 


(EA) - (EA) V (rp3) 


1 


1 1 


















1 


1 


1 Pi 


Po 




2 




DXR 


EA,rp3 


(EA) - (EA)-V-(rp3) 


1. 


1 1 


















1 





1 Pi 


Po 




2 




DGT 


EA,rp3 


(EA) - (rp3) - 1 


1 


1 1 















1 





1 


1 Pi 


Po 




2 


No borrow 


DLT 


EA,rp3 


(EA)-(rp3) 


1 


1 1 















1 


1 


1 


1 Pi 


Po 




2 


Borrow 


DNE 


EA,rp3 


(EA)-(rp3) 


1 


1 1 












1 


1 





1 


1 h 


Po 




2 


No zero 


DEQ 


EA,rp3 


(EA) - (rp3) 


1 


1 1 












1 


1 


1 


1 


1 P! 


Po 




2 


Zero 


DON 


EA,rp3 


(EA) A (rp3) 


1 


1 1 












1 








1 


1 Pi 


Po 




2 


No zero 


DOFF 


EA,rp3 


(EA) A (rp3) 


1 


1 1 












1 





1 


1 


1 Pi 


Po 




2 


Zero 


Multiply/Divide 




MUL 


r2 


(EA) — (A) x (r2) 


1 


1 

















1 





1 


1 R! 


Ro 


32 


2 




DIV 


r2 


(EA) — (EA) + (r2), (r2) ~- Remainder 


1 


3 1 

















1 


1 


1 


1 R! 


Ro 


59 


2 





Increment/Decrement 


INR 


r2 


(r2) — (r2) + 1 





1 














Ri 


Ro 




4 


1 


Carry 


INRW 


*wa 


((V).(wa)) - ((V).(wa)) + 1 








1 

















Offset 


16 


2 


Carry 


INX 


rp 


(rp) — (rp) + 1 








Pi 


Po 








1 







7 


1 






EA 


(EA)-(EA) + 1 .- 


.1 





1 





1 













7 


1 




DCR 


r2 


(r2) — (r2) - 1 





1 





1 








Ri 


Ro 




4 


1 


Borrow 


DCRW 


*wa 


((V).(wa))*-((V).(wa))-1 








1 


1 














Offset 


16 


2 


Borrow 


DCX 


rp 


(rp) - (rp) - 1 








Pi 


Po 








1 


1 




7 


1 






EA 


(EA)-(EA)-1 


1 





1 





i 








1 




7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 


1 














1 




4 


1 




STC 




(CY) - 1 





1 








1 











10 10 11 


8 


2 




CLC 




(CY) *- 





1 








1 











10 10 10 


8 


2 





8 



Instruction Set (cont) 





Operation 










Operation Code 










State(l) 


Bytes 




Mnemonic Operand 


7 6 


5 


B1 

B3 
4 3 


2 


10 7 6 


5 


B2 

B4 
4 3 


2 





Skip 
Condition 


Others (cont) 


NEGA (A) — (A) + 1 




1 





1 








1 


1 1 








8 


2 





Rotate and Shift 



(CY) - (EA ) 



8 



RLD 




Rotate left digit 

























1 


1 


1 











17 


2 




RRD 




Rotate right digit 

























1 


1 


1 








1 


17 


2 




RLL 


r2 


(r2 m + 1 )«-(r2 m ),(r2 )-(CY), 
(CY) - (r2 7 ) 

























1 


1 





1 


Ri 


Ro 


8 


2 




RLR 


r2 


(r2 m _ 1 )-(r2 m ),(r2 7 )-(CY), 
(CY) — (r2 ) 

























1 


1 








Ri 


Ro 


8 


2 




SLL 


r2 


(r2 m + 1 )*-(r2 m ),(r2o)*-0,(CY) 


*" (r2 7 ) 























.1 








1 


Ri 


Ro 


8 


2 




SLR 


r2 


(r2 m _ 1 )^(r2 m ),(r2 7 )*-0,(CY) 


*~ (r2o) 























1 











Ri 


Ro 


8 


2 




SLLC 


r2 


(r2 m + 1 ) — (r2 m ),(r2o)*-0,(CY) 


*- (r2 7 ) 
































1 


Ri 


Ro 


8 


2 


Carry 


SLRC 


r2 


(t2 m -.,)^(r2MrZ 7 )~-0,(CY) 


*" (r2o) 



































Ri 


Ro 


8 


2 


Carry 


DRLL 


EA 


(EA n + 1 )-(EA n ),(EA )^(CY), 
(CY) - (EA 15 ) 






















1 


1 


1 





1 








8 


2 




DRLR 


EA 


(EA n _ 1 )-(EA n ),(EA 15 )-(CY), 
(CY) - (EA ) 






















1 


1 


1 














8 


2 




DSLL 


EA 


(EA n + 1 )-(EA n ),(EA )*-0, 
(CY) - (EA 15 ) 






















1 


1 








1 








8 


2 




DSLR 


EA 


(EA n -i) — (EA„),(EA 15 )*-0, 






















1 


1 

















8 


2 





Jump 


JMP 


*word 


(PC) — word 





1 


1 1 
High addr 








Low addr 


10 


3 








JB 




(PC H ) *" (B),(PC L ) - (C) 





1 








1 




4 


1 


JR 


word 


(PC) — .(PC) + 1+ jdisp 1 


1 


1 -— 


jdispl 




— 




10 


1 


JRE 


*word 


(PC) — (PC) + 2 + jdisp 





1 


1 1 


1 


*- 


jdisp ~* 


10 


2 


JEA 




(PC) *- (EA) 





1 


1 








10 10 


8 


2 


Call 


CALL 


*word 


((SP)-1)-((PC) + 3) H , 
((SP)-2)-((PC) + 3) L 
(PC) — word, (SP) — (SP) - 2 





1 



High addr 








Low addr 


16 


3 








CALB 




((SP)-1)-((PC) + 2) H , 
((SP)-2)*-((PC) + 2) L 
(PC H )«-(B),(PC L )-(C), 
(SP) «- (SP) - 2 





1 


1 








10 10 1 


17 


2 


CALF 


*word 


((SP)-1)-((PC) + 2) H , 
((SP)-2)-((PC) + 2) L 
(PC^u) -00001, 
(PC 10 . )^fa,(SP)-(SP)-2 





1 1 


1 1 — 






fa — 


13 


2 



D 

N| 

00 

5 



Instruction Set (cont) 



"5= 

D 
-J 
00 

5 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 


6 


5 


B3 
4 3 2 


1 





7 


6 


5 


B4 
4 3 2 


1 





State(l) 


Bytes 


Skip 
Condition 


Call (cont) 


CALT 


word 


((SP)-1)-t(PC) + 1) H , 
((SP)-2)-((PC) + 1) L 

(129 + 2ta),(SP) — (SP) - 2 


1 








<- ta 


















16 


1 




SOFTI 




((SP) - T) — (PSW),((SP) - 2) — 
((PC) + 1)h.((SP)-3)*-((PC) + 1) l , 
(PC)«-0060H,(SP)*-(SP)-3 





1 


1 


1 


1 

















16 


1 




Return 





































RET 




(PC0-((SP)),(PC H )*-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 


1 1 




















10 


1 




RETS 




(PC L ) - «SP)),(PC H ) *" ((SP) + 1) 
(SP) *- (SP) + 2,(PC) —.-(PC) + n 


1 





1 


1 1 





1 














10 


1 


Unconditional 
Skip 


RETI 




(PC L ) *- ((SP)),(PC H ) - ((SP) + 1) 
(PSW) — ((SP) + 2), (SP) — (SP) + 3 





1 


1 





1 

















13 


1 




Skip 


Bit 




bit, wa 





1 





1 1 B 2 


Bi 


Bo 








Offset 






10 


2 


Bit Test 


CPU Control 


SK 


f 


Skip if f = 1 





1 





1 

















1 F 2 


Fl 


F 


8 


2 


f = 1 


SKN 


f 


Skip if 1 = 





1 





1 

















1 1 f 2 


F1 


F 


8 


2 


f = 


SKIT 


irf 


Skip it irf = 1, then reset irf 





1 





1 











1 





U '3 '2 


H 


lo 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 
Reset irf if irf = 1 





1 





1 











1 


1 


u 13 l2 


h 


"o 


8 


2 


irf = 


NOP 




No operation 
































4 


1 




El 




Enable interrupt 


1 





1 


1 


1 

















4 


1 




Dl 




Disable interrupt 


1 





1 


1 1 


1 

















4 


1 




HLT 




Halt 





1 





1 














1 


1 1 


1 


1 


11 


2 





Notes: 

(1) In the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte instruction: 11 states 4-byte instruction: 14 states 



(2) B2 (Data): rpa2 = D + byte, H + byte. 

(3) Right side of slash (/) in states indicates case rpa2, 
rpa3 = D + byte, H + A, H + B, H + EA, H + byte. 

(4) B3 (Data): rpa3 = D + byte, H + byte 
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NEC Electronics Inc. 



A/PD78C10/C11/C14 

8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 

WITH A/D CONVERTER 



Description 

The//PD78C10,//PD78C11,and//PD78C14single-chip 
microcomputers integrate sophisticated on-chip per- 
ipheral functionality normally provided by external 
components. The devices' internal 16-bit ALU and data 
paths, combined with a powerful instruction set and 
addressing, make them appropriate in data processing 
as well as control applications. The devices integrate a 
16-bit ALU, 4K-byte ROM, 256-byte RAM with an 8- 
channel A/D converter, a multifunction 16-bit timer/ 
event counter, two 8-bit timers, a USART, and two 
zero-cross detect inputs on a single die, allowing their 
use in fast, high end processing applications. This 
involves analog signal interface and processing. 

The yuPD78C11 is a 4K-byte mask ROM high-volume 
production device embedded with custom customer 
program. The J/PD78C14 is a 16K-byte mask ROM 
device. The //PD78C10 is a ROM-less version for 
prototyping and small volume production. 

Features 

□ CMOS technology 

— 2.5 to 6.0 V operating range 

— 30 mA operating current 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 4Kx8ROM (78C11) 

— 16Kx8ROM (78C14) 

— 256-byte RAM 

□ 44 I/O lines 

□ Two zero-cross detect inputs 

□ Two 8-bit timers 

□ Expansion capabilities 

— 8085A bus-compatible 

— 60K-byte external memory address range 

□ 8-channel, 8-bit A/D converter 

— Autoscan mode 

— Channel select mode 

□ Full duplex USART 

— Synchronous and asynchronous 

□ 154 instructions 

— 16-bit arithmetic, multiply and divide 

— HALT and STOP instructions 

□ 1 //s instruction cycle time (12 MHz operation) 

□ Prioritized interrupt structure 

— 3 external 

— 8 internal 

□ Standby function 

□ On-chip clock generator 

□ 64-pin plastic QUIP, shrink DIP, or flatpack 



Ordering Information 




Part Number 


Package Type 


Max Frequency 
of Operation 


A/PD78C10G-36 
//PD78C11G-36 
/iPD78C14G-36 


64-pin plastic QUIP 


12 MHz 


A/PD78C10CW 
juPD78C11CW 
//PD78C14CW 


64-pin plastic shrink DIP 


12 MHz 


//PD78C10G-1B 
A/PD78C11G-1B 
//PD78C14G-1B 


64-pin plastic miniflat 


12 MHz 


//PD78C10L 
//PD78C11L 

/yPD78C14L 


68-pin PLCC 
(available 3Q86) 


12 MHz 



Pin Configurations 

64-Pin QUIP or Shrink DIP 



C5 



PA 

'PAiC 

PA 2 C 

PA3C 

PA 4 

PA 5 C 

PA 6 C 

PA 7 C 

PBoC 

PBlC 

PB 2 C 

PB 3 C 

PB 4 C 

PB 5 C 

PB 6 C 

PB7C 

PCo/TxD C 

PC-i/RxD C 

PC 2 /SCK C 

PC3/TI/INT2 C 

PC4/TO C 

PC5/CI C 

PC 6 /CO C 

PC7/CO1 C 

NMIC 

INT1C 

MODE1C 

RESET C 

MODE0C 

X2C 

X1C 

VssC 



1 3 VDD 
63 DSTOP 
62 DPD7 
61 3PD 6 
60 JPD5 
59 HPD4 
58 HPD3 
57 3PD2 
56 3PD1 
55 IJPDo 
54 DPF7 
53 3PF6 
52 DPF5 
51 3PF4 
50 DPF3 
49 3 PF 2 
48 3 PF1 
47 J PFo 
46 HALE 
45 HWR 
44 3RD 
43 I|AVdd 
42 3V A REF 
41 3AN7 
40 3AN6 
39 ^AN 5 
38 UAN4 
37 3AN3 
36 3AN 2 
35 3AN1 
34 3AN0 
33 ^ AVss 



E 
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Pin Configurations (cont) 

64-Pin Miniflat 



Pin Identification (cont) 



<<<<<< Qh-QOQQO 
a.a.o.a.a.o.>lcoo.a.o.Q.a. 

nnnnnnnnnnnnn 



PAsC 1 

PA/C 

PBoC 
PBi C 4 
PB2C 
PB3C 
PB4C 7 
PBsC 
PB6C 
PB7C 10 
PCo/TxD C 
PCi/RxDC 
PC2/SCKQ 13 
PC3/TI/INT2 C 
PC4/TO C 
PC 5 /C1[[ 16 

pc 6 /co C 
PC7/CO1 C 

NMIC 19 



o 



,uPD78C10/C11/C14 



51 ^PD 2 
HPD1 
DPDO 

48 DPF7 
DPF6 
HPF5 

45 HPF4 
HPF3 
DPF2 

42 3PF1 
DPFo 
3 ALE 

39 HWR 
DRD 
^AVdd 

36 3VABEF 

3 an 7 

DAN 6 

33 3AN 5 



uuuuuuuuuuuuu 

h HI Gui X X 0> <0 z z z z z 
Z O a), O >><<<<< 



Pin Identification 



Symbol 


Function 


PA0-PA7 


Port A I/O 


PB0-PB7 


Port B I/O 


PC /TxD 


Port C I/O line O/Transmit data output 


PC^RxD 


Port C I/O line 1/Receive data input 


PC 2 /SCK 


Port CI/0 line 2/Serial clock I/O 


PC3/TI/INT2 


Port C I/O line 3/Timer input/Interrupt 
request 2 input 


PC4/TO 


■ Port C I/O line 4/Timer output 


PC5/CI 


Port C I/O line 5/Counter input 


PC 6 , PC7/CO0, CO1 


Port C I/O lines 6, 7/Counter outputs 0, 1 


NMJ 


Nonmaskable interrupt input 


INT1 


Interrupt request 1 input 


M0DE1 


Mode 1 input/Memory cycle 1 output 


RESET 


Reset input 


MODEO 


Mode input/l/O/Memory output 


X1.X2 


Crystal connections 1,2 



Symbol 


Function 


Vss 


Ground 


AV SS 


A/D converter power supply ground 


AN0-AN7 


A/D converter analog inputs 0-7 


Varef 


A/D converter reference voltage 


AV DD 


A/D converter power supply voltage 


RD 


Read strobe output 


WR 


Write strobe output 


ALE 


Address latch enable output 


PF0-PF7 


Port F I/O/Expansion memory address bus 
(bits 8-15) 


PD0-PD7 


Port D I/O/Expansion memory address/ 
data bus 


STOP 


Stop mode control input 


Vdd 


5 V power supply 



Pin Functions 

PA0-PA7 [Port A] 

Port A is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port A inputs. 

PB0-PB7 [Port B] 

Port B is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port B inputs. 

PC0-PC7 [Port C] 

Port C is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Alternatively, the lines of port C can be used as control 
lines for the USART and timer. Reset puts all lines of 
port C in port mode, input. 

TxD [Transmit Data]. Serial data output terminal. 

RxD [Receive Data]. Serial data input terminal. 

SCK [Serial Clock], Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

Tl [Timer Input]. Timer input terminal. 



4-102 



NEC 
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INT2 [Interrupt Request 2]. Falling-edge-triggered, 
maskable interrupt input terminal and AC-input, zero- 
cross detection terminal. 

TO [Timer Output]. The output of TO is a square wave 
with a frequency determined by the timer/counter. 

CI [Counter Input]. External pulse input to timer/event 
counter. 

CO , COt [Counter Outputs 0, 1]. Programmable 
rectangular wave outputs based on timer/event counter. 

PD -PD 7 [Port D] 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When 
external expansion memory is used, port D acts as the 
multiplexed address/data bus. 

PF0-PF7 [Port F] 

Port F is an 8-bit three-state port. Each bit is 
independently programmable as an input or output. 
When external expansion memory is used, port F 
outputs the high-order address bits. 

AN0-AN7 

These are the eight analog inputs to the A/D converter. 
AN4-AN7 can also be used as a digital input for falling 
edge detection. 

AVss [A/D Converter Power Ground] 

AVss is the ground potential for the A/D converter 
power supply. 

NMI [Nonmaskable Interrupt] 

Falling-edge-triggered nonmaskable interrupt input. 

INT1 [Interrupt Request 1] 

INT1 is a rising-edge-triggered, maskable interrupt 
input. It is also an AC-input, zero-cross detection 
terminal. 



MODE1, MODE0 [Mode 1, 0] 

The MODE1 and MODE0 inputs select the memory 
expansion mode. MODE1 also outputs the M1 signal 
during each opcode fetch. MODE0 outputs the fO/M 
signal. 

Varef [A/D Converter Reference] 

Varef sets the upper limit for the A/D conversion 
range. 

AVqd [A/D Converter Power] 

This is the power supply voltage for the A/D converter. 

RD [Read Strobe] 

The RD output goes low to gate data from external 
devices onto the data bus. RD goes high during reset. 
Three-state. 

WR [Write Strobe] 

The WR output goes low to indicate that the data bus 
holds valid data. It is a strobe signal for external 
memory or I/O write operations. WR goes high during 
reset. Three-state. 

ALE [Address Latch Enable] 

The ALE output latches the address signal to the 
output of PD0-PD7. 

X1, X2 [Crystal Connections 1, 2] 

X1 and X2 are the system clock crystal oscillator 
terminals. X1 is the input for an external clock. 

Vss [Ground] 

Ground potential. 




STOP [Stop Mode Control Input] 



RESET [Reset] 



A low-level input on STOP stops the system clock 
oscillator. 

Vdd [Power Supply] 

+5 V power supply. 



When the RESET input is brought low, it initializes the 
device. 
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Block Diagram 
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Functional Description 

Memory Map 

The/uPD78C11 can directly address up to 64K bytes of 
memory. Exceptforthe on-chip ROM (0-4095) and RAM 
(65,280-65,335), any memory location can be used as 
ROM or RAM. The memory map, figure 1 , defines the 
to 64K byte memory space for the //PD78C1 1 . On-chip 
ROM is located from 0-16,383 in the//PD78C14. 

Input/Output 

The //PD78C10/C11/C14 has 8 analog input lines 
(AN -AN 7 ), 44 digital I/O lines, five 8-bit ports (port A, 
port B, port C, port D, port F), and 4 input lines 
(AN4-AN7). 

Analog Input Lines. ANq-AN 7 are configured as analog 
input lines for on-chip A/D converter. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output. 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. 

Port D. Port D can be programmed as a byte input or a 
byte output. 

AN4-AN7. The high-order analog input lines, AN4-AN7, 
can be used as digital input lines for falling-edge 
detection. 

Control Lines. Under software control, each line of port 
C can be configured individually to provide control 
lines for the serial interface, timer, and timer/counter. 

Memory Expansion. In addition to the single-chip 
operation mode, the yuPD78C11 has four memory 
expansion modes. Under software control, port D can 
provide a multiplexed low-order address and data bus; 
port F can provide a high-order address bus. Table 1 
shows the relation between memory expansion modes 
and the pin configurations of port D and port F. 



Table 1. 


Memory Expansion Modes and Port 
Configurations 


Memory 
Expansion 




Port Configuration 


None 


PortD 
PortF 


I/O port 
I/O port 


256 Bytes 


Port D 
PortF 


Multiplexed address/data bus 
I/O port 


4K Bytes 


PortD 
Port F0-F3 
Port F4-F7 


Multiplexed address/data bus 
Address bus 
I/O port 


16K Bytes 


PortD 
Port F0-F5 
Port F 6 -F 7 


Multiplexed address/data bus 
Address bus 
I/O port 


60K Bytes 


PortD 
PortF 


Multiplexed address/data bus 
Address bus 



Timers 

There are two 8-bit timers. The timers may be program- 
med independently or may be cascaded and used as a 
16-bit timer. The timer can be software set to increment 
at intervals of four machine cycles (1 //s at 12 MHz 
operation) or 128 machine cycles (32/us at 12 MHz), or 
to increment on receipt of a pulse at TI. Figure 2 is the 
block diagram for the timer. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 
3) can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable square-wave output 



E 
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Figure 1. Memory Map 
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Figure 2. Timer Block Diagram 
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Figure 3. Block Diagram for Timer/Event Counter 
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Interrupt 
Control 



- INTEO 
• INTE1 
-INTEIN 



8-Bit A/D Converter 



8 input channels 

4 conversion result registers 

2 powerful operation modes 

— Autoscan mode 

— Channel select mode 
Successive approximation technique 
Absolute accuracy: 0.6% ±1/2 LSB 
Conversion range: to 5 V 
Conversion time: 42 //s 

Interrupt generation 



Analog/Digital Converter 

TheyuPD78C1 0/C1 1/C1 4 features an 8-bit, high-speed, 
high-accuracy A/D converter. The A/D converter is 
made up of a 256-resistor ladder and a successive 
approximation register (SAR). There are four con- 
version result registers (CR0-CR3). The 8-channel 
analog input may be operated in either of two modes. 
In the select mode, the conversion value of one analog 
input is sequentially stored in CR0-CR3. In the scan 
mode, the upper four channels or the lower four 
channels may be specified. Then those four channels 
will be consecutively selected and the conversion 
results stored sequentially in the four conversion result 
registers. Figure 4 shows the block diagram for the A/D 
converter. To prevent operation of the A/D converter 
and thus reduce power consumption, set Varef = V. 
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Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and eight are internal. Table 2 shows 11 
interrupt sources divided into six priority levels. See 
figure 5. 

Standby Function 

The //PD78C1 0/C1 1 /C1 4 has two standby modes: HALT 
and STOP. The HALT mode reduces power consump- 
tion to less than 50% of normal operating require- 
ments, while maintaining the contents of on-chip 
registers, RAM, and control status. The system clock 
and on-board peripherals continue to operate, but the 
CPU stops executing instructions. The HALT mode is 
initiated by executing the HLT instruction. The HALT 
mo de can be released by any nonmasked interrupt or 
by RESET. 

The STOP mode reduces power consumption to less 
than 0.1% of normal operating requirements. There are 
two STOP modes: type A and type B. 

Type A is initiated by executing a STOP instruction. If 
Vcc is maintained within the operating range (2.5 to 6.0 
V), on-board RAM and CPU register contents are 
saved. If V cc is held above 2.0 V (but less than 2.5 V), 
only on-board RAM is saved. The oscillator is st oppe d. 
The ST OP mode can be released by an input on NMI or 
RESET. The user can program oscillator stabilization 
time via timerl. By checking the standby flag (SB), the 
user can determine whether the processor has been in 
the standby mode. 



Table 2. 


Interrupt Sources 




Interrupt 
Request 


Interrupt 

Address Type of Interrupt 


Internal/ 
External 


IRQO 


4 NMl (Nonmaskable interrupt) 


Ext 



IRQ1 



INTTO (Coincidence signal from 
timer 0) 

INTT1 (Coincidence signal from 
timer 1) 



Int 



IRQ2 
IRQ3 



16 INT1 (Maskable interrupt) 



Ext 



INT2 (Maskable interrupt) 



24 INTEO (Coincidence signal from 
timer/event counter) 

INTE1 (Coincidence signal from 
timer/event counter) 



Int 



IRQ4 


32 


INTEIN (Falling signal of CI and 
TO counter) 

INTAD (A/D converter interrupt) 


Int/Ext 


IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Int 



Type B is initiated by inputting a low level on the STOP 
input. Only RAM contents are saved, not the CPU 
register contents. The oscillator is stopped. The STOP 
mode is released by raising STOP to a high level. The 
oscillator stabilization time is fixed at 65 ms; 65 ms after 
STOP is raised, instruction execution will begin at 
location 0. You can increase the stabilization time by 
holding RESET low for the required time period. 

Figure 4. A/D Converter Block Diagram 



— AN, I 




Figure 5. Interrupt Structure Block Diagram 
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Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfers data MSB first, for easy 
interfacing to certain NEC peripheral devices. Syn- 
chronous and asynchronous modes transfer data LSB 
first. Synchronous operation offers two modes of data 
reception: search and nonsearch. In the search mode, 
data is transferred one bit at a time from the serial 
register to the receive buffer. This allows a software 
search for a sync character. In the nonsearch mode, 
data transfer from the serial register to the transmit 
buffer occurs eight bits at a time. Figure 6 shows the 
universal serial interface block diagram. 

Figure 6. Universal Serial Interface Block Diagram 
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>o— <3- 



Zero-Crossing Detector 

The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low- 
frequency AC signals. When driven directly, these pins 
respond as a normal digital input. Figure 7 shows the 
zero-crossing detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase-sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
approximately 1-3 V AC (peak-to-peak) and a maximum 
frequency of 1 kHz is co upled through an external 
capacitor to the INT1 and INT2 pins. 

Forthe INT1 pin, the internal digital state is sensed asa 
until the rising edge crosses the average DC level, 
when it becomes a 1 and INT1 interrupt is generated. 



For the INT2 pin, the state is sensed as a 1 until the 
falling edge cros ses t he average DC level, when it 
becomes a and INT2 interrupt is generated. 



Figure 7. Zero-Crossing Detection Circuit 
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Absolute Maximum Ratings 



Power supply voltages, Vqd 


-0.5 V to +7.0 V 


AVdd 


AV SS to V DD + 0.5 V 


AV SS 


-0.5 V to +0.5 V 


Input voltage, V| 


-0.5 V to +7.0 V 


Output voltage, Vn 


-0.5 V to V DD + 0.5 V 


Output current low, Iql 


4.0 mA 


Output current low, 
total for all pins 


100 mA 


Output current high, Ioh 


-2.0 mA 


Output current high, 
total for all pins 


-50 mA 


Reference input voltage, V^Rgp 


-0.5 V to AV DD + 0.3 V 


Operating temperature, T pr 
f XT AL^12MHz 


-40 °C to +85 °C 


Storage temperature, Tstg 


-65 °C to +150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Operating Conditions 



Oscillating Frequency 




Ta V dd> AV D d 


f XT AL^12MHz 




-40°Cto+85°C +5.0 V ±10% 


Capacitance 

T A =25°C;V DD = V S s = 0V 






Limi,S T„ S t 


Parameter Symbol 


Min 


Typ Max Unit Conditions 



Input capacitance C| 



10 



Output 
capacitance 



Co 



20 pF 



pF Af c = 1 MHz. 
Unmeasured 
pins returned 
toOV. 



I/O capacitance 



C I0 



20 



PF 



Recommended XTAL Oscillation Circuit 
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DC Characteristics 

T A = -10°C to +70°C; V DD = +5.0 V ±5%; V ss = V 
Limits 



Test 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit Conditions 


Input low 
voltage 


V|L1 







0.8 


V All except Note 
1 inputs. 




V| L2 







0.2 
VDD 


V Note 1 inputs. 


Input high 
voltage 


V|H1 


2.2 




Vdd 


V All except X1, 
X2, and Note 
1 inputs. 





V|H2 


0.8 V DD 


Vdd 


V 


X1,X2,and 
Note 1 inputs. 


Output low 
voltage 


Vol 




0.45 


V 


Iol = 2.0 mA 


Output high 


Voh 


Vqd-1.0 




V 


lrjH = -1-0mA 


voltage 


V DD - 0.5 




V 


l OH = -100/yA 


Data 

retention 

voltage 


Vdddr 


2.5 




V 


STOP mode 


Input current 


ll 




±200 


A»A 


INT1,TI(PC 3 ); 
V < V| < V DD 


Input leakage 
current 


lu 




±10 


MA 


All except 
INT, TI(PC 3 ) 
0V<V|<V DD 


Output leakage 
current 


Ilo 




±10 


M 


OV<V 

^v DD 


AVqd supply 
current 


AIdd 


0.3 


1.0 


mA 





Vdd supply 
current 



•ddi 



15 30 



mA Operation mode 
f = 12MHz 





>DD2 


10 


20 mA HALT mode 
f = 12MHz 


Data retention 


'dddr 


1 


15 //A V D0DR = 2.5V 


current 


10 


50 //A V D0DR = 5V 

± 10% 



Note: 

(1) Inputs RESET, STOP, NMI, SCK, INT1, Tl, and AN 4 -AN 7 . 



Serial Operation 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


SCK cycle time 


tCYK 


1 




//S 


SCK input (1) 




500 




ns 


(2) 




2 




//S 


SCK output 


SCK width low 


*KKL 


420 




ns 


SCK input (1) 




200 




ns 


SCK input (2) 




900 




ns 


SCK output 


SCK width high 


tKKH 


420 




ns 


SCK input (1) 




200 




ns 


SCK input (2) 




900 




ns 


SCK output 


RxD set-up time to SCK t 


l RXK 


80 




ns 


(D 


RxD hold time alter 
SCKt 


t«RX 


80 




ns 


(D 


SCK i TxD delay time 


tKTX 




210 


ns 


(D 



Note: 

(1) 1x baud rate in asynchronous, synchronous, or I/O interface 
mode. 

(2) 16x baud rate or 64x baud rate in asynchronous mode. 

Zero-Cross Characteristics 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Zero-cross detection 
input 


Vzx 


1 1.8 


VAC p .p 


Ac coupled 
60-Hz sine 


Zero-cross accuracy 


Azx 


±135 


mV 


wave 


Zero-cross detection 
input frequency 


fzx 


0.05 1 


kHz 
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AC Characteristics 

Read/Write Operation 

T A = -40 °C to +85 °C; V DD = +5.0 V ± 10%; V ss = V 





Symbol 


Limits 




Unit 






f X TAL='2MHz 




Test 


Parameter 


Min 


Max 


Conditions (1) 


RESET pulse width 


tRP 


10 




fjS 




Interrupt pulse width (INT1, INT2) 


t|P 


3.0 




fjS 




NWU pulse width 




10 




(IS 




Counter input pulse width 


tci 


500 




ns 


Event counter mode 




4.0 




us 


Pulse width measurement mode 


Timer input pulse width 


tn 


500 




ns 




X1 Input cycle time 


tCYC 


83 


250 


ns 




Address set-up to ALE i 


tAL 


65 




ns 




Address hold after ALE I 


tLA 


50 




ns 




Address to RD I delay time 


Ur 


150 




ns 




RD 1 to address floating 


tAFR 




20 


ns 




Address to data input 


Ud 




360 


ns 




ALE 1 to data input 


*LDR 




215 


ns 




RD i to data input 


tRD 




180 


ns 




ALE 1 to RD i delay time 


tLR 


35 




ns 




Data hold time to RD t 


*RDH 







ns 




RD t to ALE t delay time 


tRL 


115 




ns 




RD width low 


*RR 


280 




ns 


Data read 




530 




ns 


Opcode fetch 


ALE width high 


tLL 


125 




ns 




MT Setup time to ALE i 


*ML 


65 




ns 




Ml Hold time after ALE i 


*LM 


50 




ns 




10/M Setup time to ALE 1 


t|L 


65 




ns 




iO/M Hold time after ALE i 


tLI 


50 




ns 




Address to WR i Delay 


tAw 


150 




ns 




ALE 1 to data output 


l LDW 




195 


ns 




WR 1 to data output 


tWD 




100 


ns 




ALE 1 to WR J delay 


*LW 


35 




ns 




Data set-up time to WR t 


*DW 


230 




ns 




Data hold time to WR t 


tWDH 


95 




ns 




WR t to ALE t delay time 


%L 


115 




ns 




WR width low 


t W w 


280 




ns 






Note: 

(1) Load capacitance: C|_ = 150 pF. 
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A/D Converter Characteristics 

T A = -40°C to +85°C; V ss = AV SS = V; AV DD -0.5 V < V AREF : 
AV DD ;V DD --0.5<AV DD 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ Max 


Conditions 


Resolution 




8 


Bits 





Absolute 
accuracy 



0.4% LSB T A = -10°Cto 
±1/2 +50 °C 



0.6% 
±1/2 LSB 



Conversion tcoiw 567 
time 



tcYC 83 ns < t CY c : 
110 ns 



432 



t C YC 110 ns <t C YC- 

170 ns 



Sampling t SAM p 96 

time 



tcYC 83 ns < tcYC : 
110 ns 



72 



t C YC 110ns<t C Yc: 
170 ns 



Analog V| A 
input voltage 


V AREF V 


Analog R A n 
input impedance 


1000 MQ 


Varef current l AREF 


1.5 3.0 mA 



Bus Timing Depending on t C vc 




Symbol 


Calculating Expression 


Min/Max 


tRP 


60T 


Min 


t T , 


6T 


Min 


t C l (2) 


6T 


Min 


tci (3). 


48T 


Min 


t|P 


36T 


Min 


tAL 


2T - 100 


Min 


tLA 


T-30 


Min 


*AR 


3T - 100 


Min 


*AD 


7T - 220 


Max 


*LDR 


5T - 200 


Max 


tRD 


4T - 150 


Max 


tLR 


T-50 


Min 


tRL 


2T - 50 


Min 


tRR 


4T - 50 (Data Read) 


Min 




7T - 50 (Opcode Fetch) 




III 


2T - 40 


Min 


l ML 


2T - 100 


Min 


*LM 


T-30 


Min 


t|L 


2T - 100 


Min 


tLI 


T-30 


Min 


*AW 


3T -100 


Min 


*LDW 


T + 110 


Max 


tLW 


T-50 


Min 


tnw 


4T - 100 


Min 


tWDH 


2T-70 


Min 


tWL 


2T-50 


Min 


t WW 


4T-.50 


Min 


tfJYK 


12T(SCK input) (1) 
24T (SCK output) 


Min 


tKKL 


5T + 5 (SCKinput) (1) 

12T - 100 (SCK output) 


Min 


{ KKH 


5T + 5 (SCK input) (1) 
12T- 100 (SCK output) 


Min 



Note: 

(1) 1x baud rate in asynchronous, synchronous, or I/O interface 
mode. 

T -tCYC = 1/f XTAL- 

The items not included in this list are independent of oscillator 

frequency (f X TAL.)- 

(2) Event counter mode. 

(3) Pulse width measurement mode. 
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Timing Waveforms 

Read Operation 



AB, 5 -AB 8 ~ V V =" 

<PF,-PF„) A / ► 



MODEO [IO/M] 
|Nole1] 



^ 



ADDR.-ADDR., 



HOC 



D -D 7 ~~jt////h P ADDR -ADDR 7 "" , 

-J^-i u 



Z2* 



mc 



,r 



3 



kf 



Note: 

[1] IO/M signal is output to the MODEO pin during a read or write of special 
registers] Sr-Sr2, if MODEO is pulled up to Vqd- 



Write Operation 



E 



AB 15 -AB 8 — Y" 



(PF 7 -PF ) 



PD 7 -°PD ) ~ X ) I ADDR °' 



J 



MODEO (IO/M] 
[Notel] 



A 



ADDR.-ADDR. 



'5, 



E? 



X 



Z3. 



/ 



JT 



[1] IO/M signal is output to the MODEO pin during a read or write of special 
registers] Sr-Sr2, if MODEO is pulled up to Vdd. 



XDC 



KDC 



f 
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NEC 



Timing Waveforms (cont) 

Opcode Fetch Operation 



AB, 5 -AB 8 "-^/ V * 
<PF7-PFo)_A__A 



AD 7 -AD ' 
(PD 7 -PD ) . 



X 



'J 



M0DE1 [M1-] 
[Notel] 



"\ 



ADDR„-ADDR 15 



ADDR -ADDR 7 



:> 1: 



— »LR — % 



Opcode 



30C 



> — ~: 



:r 



\C 



y 



Note: 

[1] M1 signal is output to the MODE1 pin during Opcode Fetch if MODE1 pin is 
pulled up to Vqd- 



Serial Operation Transmit/Receive Timing 




















...... 




49-000546B 






^ 


(— «K 




\ 


SCK \ 




J 


t 


\ 
















TxD 


) 




X 






* *KTX *■ 








RXD ) 


: 




( 






*RX 


-l 
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Operand Format/Description 



Format 


Description 




r 


V, A, B, C, D, E, H, L 




r1 


EAH,EAL,B,C,D,E,H,L 




r2 


A, B,C 




sr 


PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, 
ETMM, TMM, MM, MCC, MA, MB, MC, 
MF.TxB.TMq.TMlZCM 


SML, EOM, 


sr1 


PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, 
CRO, CR1, CR2, CR3 


EOM.TMM.RxB, 


sr2 


PA, PB, PC, PD, PF, MKH, ANM, MKL, SMH, 


EOM, TMM 


sr3 


ETM , ETMt 




sr4 


ECNT, ECPT 





rp 
r P 1 
rp2 
rp3 



SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B, D, H 



rpa B, D, H, D+ , H + , D -, H - 

rpal B, D, H 

rpa2 B, D, H, D +, H + , D -, H -, D + byte, H + A, H + B, 

H + EA, H + byte 
rpa3 D, H, D + +, H + +, D + byte, H + A, H + B, H + EA, 

H + byte 



wa 


8-Bit immediate data 




word 
byte 
bit 


16-Bit immediate data 
8-Bit immediate data 
3-Bit immediate data 




f CY, HC, Z 


irf 


FNMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FAD, FSR, FST, ER, 
OV, AN 4 , AN 5 , AN 6 , AN 7 , SB 


Instruction Set Symbol Definitions 


Symbol 




Description 


— 




Transfer direction, result 


A 




Logical product (logical AND) 


V 




Logical sum (logical OR) 


-v- 




Exclusive OR 


— Complement 


• 




Concatenation 



Remarks 



1. sr-sr4 (special register) 



PA = Port A 


ECNT = Timer/Event 


PB = Port B 


Counter Upcounter 


PC = Port C 


ECPT = Timer/Event 


PD = Port D 


Counter Capture 


PF = Port F 




MA = Mode A 


ETMM = Timer/Event 


MB = Mode B 


Counter Mode 


MC = Mode C 


EOM = Timer/Event 


MCC = Mode Control C 


Counter Output Mode 


MF = ModeF 






TxB = Tx Buffer 


MM = Memory Mapping 


RxB = Rx Buffer 


TMo = Timer Register 


SMH = Serial Mode High 


TM-| = Timer Register 1 


SML = Serial Mode Low 


TMM = Timer Mode 


MKH = Mask High 


ETMo = Timer/Event 


MKL = Mask Low 


Counter Register 


ANM = A/D Channel Mode 


ETM-| = Timer/Event Counter 


CRo = A/D Conversion Result 0-3 


Register 1 


to CR 3 


ZCM = Zero-Cross Mode 


TxB = Tx Buffer 


Control Register 


RxB = Rx Buffer 




SMH = Serial Mode High 




SML = Serial Mode Low 




MKH = Mask High High 




MKL = Mask Low 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



E 



3. rpa-rpa3 (rp addressing) 



B = (BC) 


D + + -(DE)++ 


D = (DE) 


H + + = (HL)++ 


H = (HL) 


D + byte = (DE) + byte 


D + = (DE) + 


H + A = (HL) + (A) 


H - = (HL) + 


H + B = (HL) + (B) 


D- = (DE)- 


H + EA = (HL) + (EA) 


H- = (HL)- 


H + byte = (HL) + byte 



4. f (flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



NMI = NMI* Input 

FTO = INTFTO 
FT1 = INTFT1 
F1 = INTF1 
F2 = INTF2 
FEO = INTFEO 
FE1 = INTFE1 



FEIN = INTFEIN 

FAD = INTFAD 

FSR = INTFSR 

FST = INTFST 

ER = Error 

OV = Overflow 

AN4 to AN7 = Analog Input 4-7 

SB = Standby 
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Instruction Set 





Operand 


Operation 
















Operation Code 










State! 1) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 6 


B2 

B4 
5 4 3 


2 


1 





Skip 
Condition 


8-Bit Data Transfer 


MOV 


r1,A 


(r1) <~ (A) 













1 


1 


T 2 


Ti 


To 












4 


1 






A, r1 


(A)-(r1) 
















1 


T 2 


Ti 


To 












4 


1 






*sr,A 


(sr)-(A) 







1 








1 


1 





1 


1 1 


S5 S4 S3 


s 2 


Si 


So 


10 


2 






*A,sr1 


(A) *~ (sr1) 







1 








1 


1 








1 1 


S5 S4 S3 


s 2 


Si 


So 


10 


2 






r.word 


(r) *- (word) 







1 




1 














1 


1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 










word.r 


(word) ■*- (r) 







1 




1 














1 


1 1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 








MVI 


*r,byte 


(r) — byte 
set L1 if r = A 
set LO if r = L 







1 







1 


R 2 


Ri 


Ro 




Data 








7 


2 


L1 = 1 and r = A 
LO = 1 and r = L 




sr2,byte 


(sr2) — byte 







1 










1 








s 3 o 





S 2 


Si 


So 


14 


3 












Data 










MVIW 


*wa, byte ((V)»(wa)) *— byte 







1 




1 











1 




Offset 








13 


3 












Data 




















MVIX 


*rpa1,byte (rpal) *- byte 







1 








1 





Ai 


Ao 




Data 








10 


2 




STAW 


*wa 


((V).(wa)) - A 







1 













1 


1 




Offset 








10 


2 




LDAW 


*wa 


(A) - ((V).(wa)) 

























1 




Offset 








10 


2 




STAX 


*rpa2 


(rpa2) - (A) 




A 3 







1 


1 


A 2 


Ai 


Ao 




Data (2) 








7/13(3) 


2 




LDAX 


*rpa2 


(A) - «rpa2)) 




A 3 










1 


A 2 


Ai 


A 




Data (2) 








7/13(3) 


2 




EXX 




(B) — (B'),(C) ** (C).(D) ** 
(E) - (E'),(H) - (H'),(L) ~ 


(D') 
0-0 











1 











1 












4 


1 




EXA 




(V)~(V0,(A)~(A),(EA) — (EA) 











1 
























4 


1 




EXH 




(H) — (H'),(L) — (L') 







1 





1 
























4 


1 




16-Bit Data Transfer 


BLOCK 


D 


((DE)) - ((HL)),(DE) - (DE 
(HL)^(HL) + 1,(C) -(C) 
End if borrow 


-1 








1 


1 











1 












13 x 
(C + 1) 


1 




DMOV 


rp3, EA 


(r P 3 L ) - (EAL),(rp3 H ) *- (EAH) 


1 





1 


1 





1 


Pi 


Po 












4 


1 






EA,rp3 


(EAL) - (r P 3 L ),(EAH) - (rp3 H ) 


1 





1 








1 


Pi 


Po 












4 


1 





TI 

O 
s| 
CO 

o 

o 
o 



8 



Instruction Set (cont) 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 6 


5 


B3 
4 3 2 


1 





7 


6 


B4 
5 4 3 


2 







State(l) 


Bytes 


Skip 
Condition 


16-Bit Data Transfer (cont) 


DMOV 


sr3, EA 


(sr3) - (EA) 


1 





1 








1 


1 


1 







Urj 


14 


2 






EA,sr4 


(EA) - (sr4) 


1 





1 








1 


1 








Vi 


Vo 


14 


2 




SBCD 


word 


(word) — (C), (word + 1) *~ (B) 


1 




1 














1 1 


1 







20 


4 










Low addr 










High addr 










SDED 


word 


(word) — (E), (word + 1) — (D) 


1 




10 














1 1 


1 







20 


4 










Low addr 










High addr 










SHLD 


word 


(word) — (L), (word + 1) *~ (H) 


1 




1 














1 1 1 


1 







20 


4 










Low addr 










High addr 










SSPD 


word 


(word) «- (SP L ),(word + 1) — (SP H ) 


1 




1 














1 


1 







20 


4 










Low addr 










High addr 










STEAX 


rpa3 


((rpa3)) «- (EAL),((rpa3) + 1 — (EAH) 


1 





1 








1 





1 c 3 


c 2 


Ci 


Co 


14/20(3) 


3 










Data(4) 








LBCD 


word 


(C) — . (word),(B) — (word + 1) 


1 




1 














1 1 


1 




1 


20 


4 










Low addr 










High addr 










LDED 


word 


(E) «- (word),(D) — (word + 1) 


1 




10 














1 1 


1 




1 


20 


4 










Low addr 










High addr 










LHLD 


word 


(L) *- (word),(H) — (word + 1) 


1 




1 














1 1 1 


1 




1 


20 


4 










Low addr 










High addr 










LSPD 


word 


(SP L ) — (word),(SP H ) — ((word) + 1) 


1 




1 














1 
High addr 


1 




1 


20 


4 










Low addr 








LDEAX 


rpa3 


(EAL) - ((rpa3)),(EAH) — ((rpa3) + 1) 


1 





1 








1 





C 3 


c 2 


Ci 


Co 


14/20(3) 


3 










Data(4) 








PUSH 


rp1 


((SP) - 1) — (rp1 H ) «SP) - 2) — (rpIO 

(SP) *- (SP) - 2 


1 




1 Q 2 


Qi 


Qo 














13 


1 




POP 


rp1 


(rp1 L )-((SP)),(r P 1 H )-((SP) + 1) 


1 




Q 2 


Qi 


Qrj 














10 


1 





(SP) *- (SP) + 2 



LXI 



*rp2,word (rp2) — (word) 

set LO if rp2 = H 



P 2 Pi Pp 1 
High byte 



Low byte 



r,A (r) - (r) + (A) + (CY) 



110 



1 1 R 2 R 1 R 




LO = 1 and 
rp2 = H 



TABLE (C) — ((PC)+3+(A)),B - 


- ((PC)+3+(A)+ 1) 1 





1 








10 10 10 


17 


2 


8-Bit Arithmetic [Register] 


ADD A,r (A)*-(A) + (r) 


1 


1 











1 1 R 2 Rt R 


8 


2 


r,A (r) - (r) + (A) 


1 


1 











1 R 2 R-| R 


8 


2 


ADC A,r (A) — (A) + (r) + (CY) 


1 


1 











1 1 1 R 2 R 1 R 


8 


2 



8 



■0 
O 

00 

o 

s 

■fc 



Instruction Set (cont) 





Operand 


Operation 










Operation Code 














State(l) 


Bytes 




Mnemonic 


7 6 


5 4 


B1 

B3 
3 


2 


1 





7 


6 


5 


b; 

B4 

4 


; 

1 

3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic [Register], (cont) 


ADDNC 


A,r 


(A) *- (A) + (r) 


1 


1 














1 













R 2 


Ri 


Ro 


8 


2 


No carry 




r,A 


(r)-(r) + (A) 


1 


1 




























R 2 


Ri 


Ro 


8 


2 


No carry 


SUB 


A,r 


(A) — (A)-(r) 


1 


1 














1 


1 










R 2 


Ri 


Ro 


8 


2 






r,A 


(r>*-(r)-(A) 


i 


1 

















1 










R 2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A)«-(A)-(r)-(CY) 


1 


1 














1 


1 




1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) *- (r) - (A) - (CY) 


1 


1 

















1 




1 





R 2 


Ri 


Ro 


8 


2 




SUBNB 


A,r 


(A)*-(A)-(r) 


1 


1 














1 







1 





R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (r) - (A) 


1 


1 






















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A)-(A)A(r) 


1 


1 














1 











1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)A(A) 


1 


1 


























1 


R 2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A)*-(A)V(r) 


1 


1 














1 








1 


1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 


1 


1 























1 


1 


R 2 


Ri 


Ro 


8 


2 




XRA 


A,r 


(A) - (A) V (r) 


1 


1 G 














1 








1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 


1 


1 























1 





R 2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A) - (r) - 1 


1 


1 














1 










1 


R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (A) - 1 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A) - (r) 


1 


1 














1 







1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r) - (A) 


1 


1 






















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A) - (r) 


1 


1 














1 









1 


R 2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r) - (A) 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A) - (r) 


1 


1 














1 






1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(r) - (A) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A,r 


(A)A(r) 


1 


1 














1 










1 


R 2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A)A(r) 


1 


1 














1 







1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


8-Bit Arithmetic (Memory) 






ADDX 


rpa 


(A) - (A) + ((rpa)) 


1 
















1 













A 2 


Ai 


Ao 




2 




ADCX 


rpa 


(A) - (A) + ((rpa)) + (CY) 


1 
















1 







1 





A 2 


Ai 


Ao 




2 




ADDNCX 


rpa 


(A) *- (A) + ((rpa)) 


1 
















1 





1 








A 2 


Ai 


A 




2 


No carry 


SUBX 


rpa 


(A) *~ (A) - ((rpa)) 


1 
















1 




1 








A 2 


Ai 


A 




2 




SBBX 


rpa 


(A) - (A) - ((rpa)) - (CY) 


1 
















1 




1 


1 





A 2 


Ai 


Ao 




2 




SUBNBX 


rpa 


(A) - (A) - ((rpa)) 


1 
















1 





1 


1 





A 2 


Ai 


Ao 




2 


No borrow 


ANAX 


rpa 


(A)*- (A) A ((rpa)) 


1 
















1 











1 


A 2 


Ai 


Ao 




2 




ORAX 


rpa 


(A) - (A) V ((rpa)) 


1 
















1 








1 


1 


A 2 


Ai 


Ao 




2 





Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 



B3 
6 5 4 3 2 



B2 



7 6 5 4 3 2 1 



State(l) 



Bytes 



Skip 
Condition 



8-Bit Arithmetic (Memory) (cont) 



XRAX 


rpa 


(A) — (A) V ((rpa)) 


1 


1 1 



















1 


A 2 


Ai 


Ao 


11 


2 




GTAX 


rpa 


(A)-((rpa))-1 


1 


1 1 
















1 


1 


A 2 


Al 


Arj 


11 


2 


No borrow 


LTAX 


rpa 


(A) - ((rpa)) 


1 


1 1 
















1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Borrow 


NEAX 


rpa 


(A) -((rpa)) 


1 


1 1 













1 


1 


1 


A 2 


Ai 


Ao 


11 


2 


No zero 


EQAX 


rpa 


(A) -((rpa)) 


1 


1 10 













1 


1 


1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 


A 2 


Ai 


Ao 


11 


2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 1 


A 2 


Ai 


Ao 


11 


2 


Zero 


Immediate Data 


ADI 


*A,byte 


(A) — (A) + byte 


1 







1 











Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


1 1 













1 








R 2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) — (sr2) + byte 


1 


1 










s 3 


1 








S 2 


Si 


So 


20 


3 








Data 










ACI 


*A,byte 


(A) *- (A) + byte + (CY) 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) — (r) + byte + (CY) 


1 


1 1 













1 





1 


R 2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) «- (sr2) + byte + (CY) 


1 


1 










s 3 


1 





1 


S 2 


Si 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) *- (A) + byte 





1 




1 











Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 1 





















R 2 


Ri 


Ro 


11 


3 


No carry 






Data 


























sr2,byte 


(sr2) — (sr2) + byte 


1 


1 










s 3 










S 2 


Si 


So 


20 


3 


No carry 






Data 
























SUI 


*A,byte 


(A) — (A) - byte 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) *- (r) - byte 


1 


1 1 













1 







R 2 


Ri 


Ro 


11 


3 








Data 


























sr2,byte 


(sr2) — (sr2) - byte 


1 


1 










S 3 


1 







S 2 


Si 


So 


20 


3 








Data 
























SBI 


*A,byte 


(A) -(A)- byte -(CY) 


1 


1 1 




1 











Data 








7 


2 






r.byte 


(r)-(r)-byte-(CY) 


1 


1 1 
Data 













1 




1 


R 2 


Ri 


Ro 


11 


3 
























sr2,byte 


(sr2) *~ (sr2) - byte - (CY) 


1 


1 


1 








s 3 


1 




1 


s 2 


Si 


So 


20 


3 





Data 



U 
D 

00 

o 

■A 

s 

■A 

<5 



Instruction Set (cont) 





Operand 


Operation 








Operation Code 












State( 1) 


Bytes 




Mnemonic 


7 


6 


B1 

B3 
5 4 3! 


I 1 





7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


Immediate Data (cont) 


SUINB 


*A,byte 


(A) ^ (A) -byte 








1 1 


1 











Data 








7 


2 


No borrow 




r,byte 


(r) — (r) - byte 







1 1 














1 


1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 










sr2,byte 


(sr2) — (sr2) - byte 







1 








s 3 





1 


1 


s 2 


Si 


So 


20 


3 


No borrow 








Data 








ANI 


* A, byte 


(A) — (A) A byte 











1 


1 








Data 








7 


2 






r.byte 


(r) — (r) A byte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) A byte 







1 








s 3 








1 


s 2 


Si 


So 


20 


3 










Data 








ORI 


*A,byte 


(A) *- (A) V byte 








1 


1 


1 








Data 








7 


2 






r.byte 


(r) — (r) V byte 







1 1 

















1 1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) V byte 







1 








S 3 








1 1 


s 2 


Si 


So 


20 


3 










Data 








XRI 


*A,byte 


(A) — (A) V byte 







1 


1 











Data 








7 


2 






r.byte 


(r) — (r) V byte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) *- (sr2) V byte 







1 








s 3 








1 


s 2 


St 


So 


20 


3 










Data 








GTI 


*A,byte 


(A) - byte - 1 








1 


1 


1 








Data 








7 


2 


No borrow 




r.byte 


(r) - byte - 1 







1 1 
















1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 
























sr2,byte 


(sr2) - byte - 1 







1 








S 3 







1 


s 2 


Si 


So 


14 


3 


No borrow 








Data 






















LTI 


* A, byte 


(A) - byte 








1 1 


1 


1 








Data 








7 


2 


Borrow 




r.byte 


(r) - byte 







1 1 
















1 1 


R 2 


Ri 


Ro 


11 


3 


Borrow 








Data 
























sr2,byte 


(sr2) - byte 







1 








s 3 







1 1 


s 2 


Si 


So 


14 


3 


Borrow 








Data 






















NEI 


*A,byte 


(A) - byte 







1 


1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) - byte 







1 1 
Data 











1 




1 


R 2 


Ri 


Ro 


11 


3 


No zero 



15 

o 

00 

o 

■■k 

o 

■JL 

o 



8 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 



B1 



B2 



B3 B4 

76543210 76543210 State(l) 



Skip 
Bytes Condition 



Immediate Data (cont) 



NEI 


sr2,byte 


(sr2) - byte 


1 


1 
Data 








S 3 1 


1 





1 


s 2 


Si 


So 


14 


3 


No zero 




















EQI 


*A,byte 


(A) -byte 


1 


1 1 


1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) - byte 


1 


1 1 








1 


1 


1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr2,byte 


(sr2) - byte 


1 


1 








s 3 1 


1 


1 


1 


s 2 


Si 


So 


14 


3 


Zero 






Data 






















ONI 


*A,byte 


(A) A byte 


1 





1 


1 






Data 








7 


2 


No zero 




r,byte 


(r) A byte 


1 


1 1 








1 








1 


R 2 


Ri 


Ro 


11 


3 


No zero 






Data 
























sr2,byte 


(sr2) A byte 


1 


1 








s 3 1 








1 


s 2 


Si 


So 


14 


3 


No zero 






Data 






















OFFI 


*A,byte 


(A) A byte 


1 


1 


1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) A byte 


1 


1 1 








1 





1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr2,byte 


(sr2) A byte 


.0 1 


1 








s 3 1 





1 


1 


s 2 


Si 


So 


14 


3 


Zero 






Data 






















Working Register 






ADDW 


wa 


(A) .*- (A) + ((V).(wa)) 


1 


1 1 




























14 


3 








Offset 






















ADCW 


wa 


(A) - (A) + ((V).(wa)) + (CY) 


1 


1 1 













1 














14 


3 








Offset 






















ADDNCW 


wa 


(A) - (A) + ((V).(wa)) 


1 


1 1 








1 


1 

















14 


3 


No carry 






Offset 






















SUBW 


wa 


(A) — (A) - ((V).(wa)) 


1 


1 1 










1 

















14 


3 








Offset 






















SBBW 


wa 


(A) — (A) - ((V).(wa)) - (CY) 


1 


1 1 










1 


1 














14 


3 








Offset 






















SUBNBW 


wa 


(A) - (A) - ((V).(wa)) 


1 


1 1 








1 


1 


1 














14 


3 


No borrow 






Offset 






















ANAW 


wa 


(A) - (A) A ((V).(wa)) 


1 


1 1 








1 








1 











14 


3 





Offset 



1= 

"0 

D 

^1 

00 

O 

o 
o 




Instruction Set (cont) 



Operation Code 



Mnemonic Operand 



Operation 



B1 B2 

B3 B4 

76543210 76 543210 



State(l) 



Skip 
Bytes Condition 



Working Register (cont) 


ORAW 


wa 


(A) - (A) V ((V).(wa)) 











1 














1 











14 


3 












Offset 


















XRAW 


wa 


(A) - (A) V ((V).(wa)) 











1 














1 











14 


3 












Offset 


















GTAW 


wa 


(A)-((V).(wa))-1 











1 











1 


1 











14 


3 


No borrow 










Offset 


















LTAW 


wa 


(A) - ((V).(wa)) 











1 











1 


1 1 











14 


3 


Borrow 










Offset 


















NEAW 


wa 


(A) - ((V).(wa)) 











1 








1 


i 


1 











14 


3 


No zero 










Offset 


















EQAW 


wa 


(A) - ((V).(wa)) 











1 








1 


1 


1 











14 


3 


Zero 










Offset 


















ONAW 


wa 


(A) A «V).(wa)) 











1 








1 





1 











14 


3 


No zero 










Offset 


















OFFAW 


wa 


(A) A ((V).(wa» 











1 








1 





1 











14 


3 


Zero 










Offset 








ANIW 


*wa,byte 


((V).(wa)) — ((V).(wa)) A 


byte 























Offset 








19 


3 












Data 




















ORIW 


*wa,byte 


((V).(wa)) — ((V).(wa)) V byte 











1 











Offset 








19 


3 












Data 




















GTIW 


*wa,byte 


((V).(wa)) - byte - 1 










1 














Offset 








13 


3 


No borrow 










Data 




















LTIW 


*wa,byte 


((V).(wa)) - byte 










1 


1 











Offset 








13 


3 


Borrow 










Data 




















NEIW 


*wa,byte 


((V).(wa)) - byte 







1 


1 














Offset 








13 


3 


No zero 










Data 




















EQIW 


*wa,byte 


((V).(wa)) - byte 







1 


1 


1 











Offset 








13 


3 


Zero 










Data 




















ONIW 


*wa,byte 


((V).(wa)) A byte 







1 

















Offset 








13 


3 


No zero 










Data 




















OFFIW 


*wa,byte 


((V).(wa)) A byte 







1 





1 
Data 











Offset 








13 


3 


Zero 



















Instruction Set (cont) 





Operand 


Operation 














Operation Code 












State(l) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


5 


B2 

B4 

4 


3 


2 1 





Skip 
Condition 


16-Bit Arithmetic 


EADD 


EA,r2 


(EA) *- (EA) + (r2) 


























1 











Rj 


Ro 




2 




DADD 


EA,rp3 


(EA)-(EA) + (rp3) 
























1 











1 Pi 


Prj 




2 




DADC 


EA,rp3 


(EA) <- (EA) + (rp3) + (CY) 
























1 





1 





1 Pi 


Prj 




2 




DADDNC 


EA,rp3 


(EA) - (EA) + (rp3) 



































1 Pi 


Prj 




2 


No carry 


ESUB 


EA,r2 


(EA) — (EA) - (r2) 


























1 










o r 1 


Ro 




2 




DSUB 


EA,rp3 


(EA) — (EA) - (rp3) 
























1 










1 P, 


Po 




2 




DSBB 


EA,rp3 


(EA) - (EA) - (rp3) - (CY) 
























1 




1 





1 Pi 


Po 




2 




DSUBNB 


EA,rp3 


(EA)*-(EA)-(rp3) 





























1 





1 Pi 


Po 




2 


No borrow 


DAN 


EA,rp3 


(EA) *- (EA) A (rp3) 

































1 


1 Pi 


Po 




2 




DOR 


EA,rp3 


(EA)-(EA)V.(rp3) 






























1 


1 


1 Pi 


Po 




2 




DXR 


EA,rp3 


(EA) - (EA) V (rp3) 






























1 





1 Pi 


Po 




2 




DGT 


EA,rp3 


(EA) - (rp3) - 1 



























1 





1 


1 Pi 


Po 




2 


No borrow 


DLT 


EA,rp3 


(EA) - (rp3) 



























1 


1 


1 


1 Pi 


Po 




2 


Borrow 


DNE 


EA,rp3 


(EA) - (rp3) 
























1 


1 





1 


1 Pi 


Po 




2 


No zero 


DEQ 


EA,rp3 


(EA) - (rp3) 
























1 


1 


1 


1 


1 Pi 


Po 




2 


Zero 


DON 


EA,rp3 


(EA) A (rp3) 
























1 








1 


1 Pi 


Po 




2 


No zero 


DOFF 


EA,rp3 


(EA) A (rp3) 
























1 





1 


1 


1 Pi 


Po 




2 


Zero 


Multiply/Divide 


MUL 


r2 


(EA) — (A) x (r2) 













1 

















1 





1 


1 Ri 


Ro 


32 


2 




DIV 


r2 


(EA) ■— (EA) + (r2), (r2) — Remainder 













1 

















1 


1 


1 


1 Rt 


Ro 


59 


2 




Increment/Decrement 


INR 


r2 


(r2) — (r2) + 1 





1 














P.1 


P-0 
















4 


1 


Carry 


INRW 


*wa 


((V).(wa)) *- ((V).(wa)) + 1 








1 























Offset 






16 


2 


Carry 


INX 


rp 


(rp) *- (rp) + 1 








Pi 


Prj 








1 



















7 


1 






EA 


(EA) — (EA) + 1 


1 





1 





1 

























7 


1 




DCR 


r2 


(r2) — (r2) - 1 





1 





1 








Ri 


Ro 
















4 


1 


Borrow 


DCRW 


*wa 


((V).(wa)) — «V).(wa)) - 1 








1 


1 




















Offset 






16 


2 


Borrow 


DCX 


rp 


(rp) *" (rp) - 1 








Pi 


Prj 








1 


1 
















7 


1 






EA 


(EA) — (EA) - 1 


1 





1 





1 








1 
















7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 


1 














1 
















4 


1 




STC 




(CY) — 1 





1 








1 

















1 





1 


1 


1 


8 


2 




CLC 




(CY) — 





1 








1 

















1 





1 


1 





8 


2 





8 



D 

00 
O 

o 

■lb 

o 




Instruction Set (cont) 





Operation 






Operation Code 










State(l) 


Bytes 




Mnemonic Operand 


B1 

B3 
7 6 5 4 3 


2 


10 7 6 


5 


B2 

B4 
4 3 


2 





Skip 
Condition 


Others (cont) 


NEGA (A) — (A) + 1 




10 1 








1 


1 1 








8 


2 





Rotate and Shift 



RLD 




Rotate left digit 




























1 1 


1 











17 


2 




RRD 




Rotate right digit 




























1 1 


1 








1 


17 


2 




RLL 


r2 


(r2 m + 1 )«-(r2 m ),(r2 )-(CY), 
(CY) — (r2 7 ) 




























1 1 





1 


Ri 


Ro 


8 


2 




RLR 


r2 


(r2 m _ -,) — (r2 m ),(r2 7 ) — (CY), 

(CY)-(r2 ) 




























1 1 








Ri 


Ro 


8 


2 




SLL 


r2 


(r2 m + 1 )-(r2 m ),(r2o)-0,(CY) 


- (r2 7 ) 


























1 





1 


Ri 


Ro 


8 


2 




SLR 


r2 


(r2 m _ 1 )-(r2 m ),(r2 7 )-0,(CY) 


-■(r2o) 


























1 








Ri 


Ro 


8 


2 




SLLC 


r2 


(r2 m + 1 )-(r2 m ),(r2 )-0,(CY) 


- (r2 7 ) 
































1 


Ri 


Ro 


8 


2 


Carry 


SLRG 


r2 


{i2 m -i)+-(r2„Mr2 7 )~0,(V() 


^(r2o). 



































Ri 


Ro 


8 


2 


Carry 


DRLL 


EA 


(EA n + 1 )-(EA n ),(EA )-(CY), 
(CY)-(EA 15 ) 






















1 





1 1 





1 








8 


2 




DRLR 


EA 


(EAn-iJ-iEAnMEA^-^Y), 
(CY)-(EAo) 






















1 





1 1 














8 


2 




DSLL 


EA 


(EA n + i)^(EA n ),(EAn)*-0, 
(CY) — (EA 15 ) 






















1 





1 





1 








8 


2 




DSLR 


EA 


(EA n _ 1 )-(EA n ),(EA 15 )-0, 






















1 





1 














8 


2 





(CY) — (EAp) 



Jump 
























JMP 


"word 


(PC) — word 





1 


1 1 
High addr 








Low addr 


10 


3 










JB 




(PC H ) - (B),(PC L ) — (C) 





1 








1 




4 


1 




JR 


word 


(PG) *— (PC) + 1 + jdisp 1 


1 


1 — 


jdispl 




— * 




10 


1 




JRE 


*word 


(PC)*-(PC) + 2 + jdisp 





1 


1 1 


1 


— 


jdisp ~~ * 


10 


2 




JEA 




(PC)-(EA) 





1 


1 








10 10 


8 


2 




Call 


CALL 


*word 


«SP)-1)*-((PC) + 3)h, 
((SP)-2)-((PC) + 3) L 
(PC) — word, (SP) — (SP) - 2 





1 



High addr 








Low addr 


16 


3 










CALB 




((SP)-1) — ((PC) + 2) H , 
((SP)-2)-((PC) + 2) L 
(PC H )-(B),(PC L )-(C), 
(SP) — (SP) - 2 





1 


1 








10 10 1 


17 


2 




CALF 


*word 


((SP)-1)— ((PC) + 2) H , 
((SP)-2)*-((PC) + 2) L 
(PC 15 .n)*- 00001, 
(PC 10 . )^fa,(SP)-(SP)-2 





1 1 


1 1 «- 






fa — 


13 


2 





Instruction Set (cont) 



8 



Operation Code 



B1 



Mnemonic 


Operand 


Operation 


7 


6 


5 


4 


S3 
3 


2 


1 





7 


6 


5 


4 


3 


2 1 





State( 1) 


Bytes 


Skip 
Condition 


Call (cont) 


CALT 


word 


((SP)-1)-((PC) + 1) H , 
((SP)-2)-((PC) + 1) L 
(PC L )«-(128 + 2ta),(PC H )- 
(129 + 2ta),(SP) ~" (SP) - 2 


1 












ta 




















16 


1 




SOFTI 




((SP)-1)~-(PSW),((SP)-2) < - 
((PC) + 1)h.((SP) - 3) *~ ((PC) + 1) L . 
(PC)«-0060H,(SP)^(SP)-3 





1 


1 


1 








1 



















16 


1 




Return 


RET 




(PCl)^((SP)).(PC h )*-((SP) + 1) 
(SP) *- (SP) + 2 


1 





1 


1 


1 

























10 


1 




RETS 




(PC l )-((SP)),(PCh)^((SP) + 1) 
(SP) — (SP) + 2,(PC) *- (PC) + n 


1 





1 


1 


1 








1 
















10 


1 


Unconditional 
Skip 


RETI 




(PC L ) - ((SP)).(PC H ) - ((SP) + 1) 
(PSW) *- ((SP) + 2), (SP) — (SP) + 3 





1 


1 











1 



















13 


1 




Skip 


Bit 




bit, wa 





1 





1 


1 


\ 


Bi 


Bo 










Offset 




10 


2 


Bit Test 


CPU Control 


SK 


f 


Skipiff = 1 





1 








1 























1 


F 2 Ft 


F 


8 


2 


f = 1 


SKN 


f 


Skip if f = 





1 








1 




















1 


1 


F 2 Ft 


F 


8 


2 


f = 


SKIT 


irf 


Skip if irf = 1, then reset irf 





1 








1 














1 





U 


l 3 


"2 h 


"o 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 
Reset irf if irf = 1 





1 








1 














1 


1 


U 


I3 


l 2 h 


lo 


8 


2 


irf = 


NOP 




No operation 








































4 


1 




El 




Enable interrupt 


1 





1 





1 





1 



















4 


1 




Dl 




Disable interrupt 


1 





1 


1 


1 





1 



















4 


1 




HLT 




Halt CPU operation 





1 








1 

















1 


1 


1 


1 


1 


12 


2 




STOP 




Stop system clock 





1 








1 











1 





1 


1 


1 


1 


1 


12 


2 





Notes: 

(1) In the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte instruction: 11 states 4-byte instruction: 14 states 



(2) B2 (Data): rpa2 = D + byte, H + byte. 

(3) Right side of slash (/) in states indicates case rpa2, rpa3 : 
H + B, H + EA, H + byte. 

(4) B3 (Data): rpa3 = D + byte, H + byte 



D + byte, H + A, 



TI 
D 
■J 
00 

o 

o 
o 



O 




//PD78C10/C11/C14 



NEC 



4-128 



NEC 

NEC Electronics Inc. 



//PD7810H/11H 

8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTERS 

WITH A/D CONVERTER 



Description 

The //PD7810H and //PD7811H single-chip micro- 
computers integrate sophisticated on-chip peripheral 
functionality normally provided by external compo- 
nents. The devices' internal 16-bit ALU and data paths, 
combined with a powerful instruction set and ad- 
dressing, make the //PD781 OH/1 1 H appropriate in data 
processing as well as control applications. The devices 
integrate a 1 6-bit ALU, 4K-ROM, 256-byte RAM with an 
8-channel A/D converter, a multifunction 16-bit timer/ 
event counter, two 8-bit timers, a USART, and two 
zero-cross detect inputs on a single die, allowing their 
use in fast, high-end processing applications. This 
involves analog signal interface and processing. 

The //PD7810H/11H are high-speed versions of the 
A/PD7810/11. The //PD7811H is the mask-ROM high 
volume production device embedded with custom 
customer program. The /I/PD7810H is a ROM-less 
version for prototyping and small volume production. 

Features 

D NMOS silicon gate technology requiring +5 V power 
supply 

□ Complete single-chip microcomputer 
—16-bit ALU 

— 4K x 8 ROM 
—256-byte RAM 

□ 44 I/O lines 

□ Two zero-cross detect inputs 

□ Two 8-bit timers 

□ Expansion capabilities 
— 8085A bus compatible 

— 60K-byte external memory address range 

□ 8-channel, 8-bit A/D converter 
— Autoscan mode 
—Channel select mode 

□ Full duplex USART 
—Synchronous and asynchronous 

D 153 instructions 

—16-bit arithmetic, multiply and divide 

□ 1 //s instruction cycle time 

□ Prioritized interrupt structure 
—3 external 

—8 internal 

□ Standby function 

□ On-chip clock generator 

□ 64-pin plastic QUIP, shrink DIP 



Pin Configuration 



PAoC 


~i ^ 


J 64 


DVcc 




PA, £ 


2 


63 


HV DD 




PA 2 C 


3 


62 


1 PD 7 




PA 3 C 


4 


61 


U PD 6 




PA 4 C 


5 


60 


HPD 5 




P*sC 


6 


59 


D PD 4 




P* 6 C 




58 


1P°3 




PA 7 C 


8 


57 


]PD 2 




PBoC 


9 


56 


3 PD, 




pb, q 


10 


55 


3PD„ 




PBjC 


11 


54 


3PF7 




PB 3 C 


12 


53 


DPF 6 




pb„ rj 


13 


52 


HPFs 




pb 5 rj 


14 x 51 


3 PF 4 




pb 6 rj 


15 = 50 
X 

16 = 49 


DPF3 




PB 7 £ 


DPF 2 




PC„C 


17 1 48 


DPF, 




pc, c 


18 a 47 


DPFo 




pc 2 rj 


19 


46 


DALE 




PC 3 C 


20 


45 


1 WR 




pc„c 


21 


44 


3RD 




pc 5 c 


22 


43 3 AV CC 




pc 6 c 


23 


42 


J Varef 




pc 7 c 


24 


41 


3 AN 7 




NMi C 


25 


40 


DAN 6 




INT1 C 


26 


39 


1 AN S 




MODE1 C 


27 


38 


1 AN 4 




RESET C 


28 


37 


DAN, 




MODEO C 


29 


36 


DAN 2 




x 2 c 


30 


35 


3 AN, 




x,C 


31 


34 


3AN 




VssC 


32 


33 


3 AV SS 


49-001 334A 











E 



Ordering Information 




Part Number 


Package Type 


Max Frequency 
of Operation 


A/PD7810HG-36 
A/PD7811HG-36 


64-pin plastic QUIP 


15 MHz 


/iPD7810HCW 
//PD7811HCW 


64-pin plastic shrink DIP 


15 MHz 
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Pin 


Identification 


No. 


Symbol 


Function 


1-8 


PA0-PA7 


Port A I/O 


9-16 


PB0-PB7 


Port B I/O 


17 


PC /TxD 


Port C I/O line O/Transmit data output 


18 


PC^RxD 


Port C I/O line 1 /Receive data input 


19 


PC 2 /SCK 


Port CI/0 line 2/Serial clock I/O 


20 


PC3/TI/ 
INT2 


Port C I/O line 3/Timer input/Interrupt 
request 2 input 


21 


PC4/TO 


Port C I/O line 4/Timer output 


22 


PC5/CI 


Port C I/O line 5/Counter input 


23,24 


PC 6 , pc 7 / 
C0 , CO! 


Port C I/O lines 6, 7/Counter outputs 0, 1 


25 


NMi 


Nonmaskable interrupt input 


26 


INT1 


Interrupt request 1 input 


27 


M0DE1/M1 


Mode 1 input/Memory cycle 1 output 


28 


RESET 


Reset input 


29 


M0DE0/ 
I0/M 


Mode input/l/O/Memory output 


30, 31 


X2.X1 


Crystal connections 1,2 


32 


Vss 


Ground 


33 


AV SS 


Port T threshold voltage input 


34-41 


AN -AN 7 


A/D converter analog inputs 0-7 


42 


Varef 


A/D converter reference voltage 


43 


AV CC 


A/D converter power supply 


44 


RD 


Read strobe output 


45 


Wr 


Write strobe output 


46 


ALE 


Address latch enable output 


47-54 


PF0-PF7 


Port F I/O/Expansion memory address bus 
bits 8-15 


55-62 


PD0-PD7 


Port D I/O/Expansion memory address/ 
data bus 


63 


V D D 


RAM backup power supply 


64 


v cc 


5 V power supply 



Pin Functions 

PA0-PA7 [Port A] 

Port A is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port A inputs. 

PB -PB ]7 [Port B] 

Port B is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Reset makes all lines of port B inputs. 



PC0-PC7 [Port C] 

Port C is an 8-bit three-state port. Each bit is in- 
dependently programmable as either input or output. 
Alternatively, the lines of port C can be used as control 
lines for the USART and timer. Reset puts all lines of 
port C in port mode, input. 

TxD [Transmit Data]. Serial data output terminal. 

RxD [Receive Data]. Serial data input terminal. 

SCK [Serial Clock]. Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

Tl [Timer Input]. Timer input terminal. 



INT2 [Interrupt Request 2]. Falling-edge-triggered, 
maskable interrupt input terminal and AC-input, zero- 
cross detection terminal. 

TO [Timer Output]. The output of TO is a square wave 
with a frequency determined by the timer/counter. 

CI [Counter Input]. External pulse input to timer/event 
counter. 

COo, CO1 [Counter Outputs 0, 1]. Programmable 
rectangular wave outputs based on timer/event 
counter. 

PD0-PD7 [Port D] 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When 
external expansion memory is used, port D acts as the 
multiplexed address/data bus. 

PF0-PF7 [Port F] 

Port F is an 8-bit three-state port. Each bit is 
independently programmable as an input or output. 
When external expansion memory is used, port F 
outputs the high-order address bits. 

AN0-AN7 

These are the eight analog inputs to the A/D converter. 
AN4-AN7 can also* be used as a digital input for falling 
edge detection. 

AV*ss [A/D Converter Power Ground] 

AVss is the ground potential for the A/D converter 
power supply. 

NMI [Nonmaskable Interrupt] 

Falling-edge-triggered nonmaskable interrupt input. 
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INT1 [Interrupt Request 1] 

INT1 is a rising-edge-triggered, maskable interrupt 
input. It is also an AC-input, zero-cross detection 
terminal. 



RESET [Reset] 



When the RESET input is brought low, it initializes the 
/UPD7810H/11H. 

MODE1, MODEO [Mode 1, 0] 

The MODE1 and MODEO inputs select the memory 
expansion mode. MODE1 also outputs the M1 signal 
during each opcode fetch. MODEO outputs the IO/M 
signal. 

Varef [A/D Converter Reference] 

v aref set the upper limit for the A/D converter's 
conversion range. 

AVcc [A/D Converter Power] 

This is the power supply voltage for the A/D converter. 

RD [Read Strobe] 

The RD output goes low to gate data from external 
devices onto the data bus. RD goes high during reset. 



WR [Write Strobe] 

The WR output goes low to indicate that the data bus 
holds valid data. It is a strob e si gnal for external 
memory or I/O write operations. WR goes high during 
reset. 

ALE [Address Latch Enable] 

The ALE output latches the address signal to the 
output of PD -PD 7 . 

X1, X2 [Crystal Connections 1, 2] 

X1 and X2 are the system clock crystal oscillator 
terminals. X1 is the input for an external clock. 

Vss [Ground] 

Ground potential. 

Vqd [Backup Power] 

Backup power for on-chip RAM. 

Vcc [Power Supply] 

+5 V power supply. 
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Block Diagram 
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Functional Description 

Memory Map 

The/uPD781 1 H can directly address up to 64K bytes of 
memory. Except for the on-chip ROM (0-4095) and 
RAM (65280-65535), any memory location can be used 
as ROM or RAM. The memory map, figure 1, defines 
the 0-to 64K-byte memory space for the yuPD781 1 H. 

Input/Output 

The /uPD7810H/11H has 8 analog input lines 
(AN -AN 7 ), 44 digital I/O lines, five 8-bit ports (port A, 
port B, port C, port D, port F), and 4 input lines 
(AN4-AN7). 

Analog Input Lines. AN -AN 7 are configured as 
analog input lines for on-chip A/D converter. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output. 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. 

Port D. Port D can be programmed as a byte input or a 
byte output. 

AN4-AN7. The high order analog input lines, AN4-AN7, 
can be used as digital input lines for falling edge 
detection. 

Control Lines. Under software control, each line of port 
C can be configured individually to provide control 
lines for the serial interface, timer, and timer/counter. 

Memory Expansion. In addition to the single-chip 
operation mode, the//PD781 1 H has four memory expan- 
sion modes. Under software control, port D can provide 
a multiplexed low-order address and data bus; port F 
can provide a high-order address bus. Table 1 shows 
the relation between memory expansion modes and 
the pin configurations of port D and port F. 



Table 1. 


Memory Expansion Modes and Port 
Configurations 


Memory 
Expansion 




Port Configuration 


None 


PortD 
PortF 


I/O port 
I/O port 


256 Bytes 


PortD 
PortF 


Multiplexed address/data bus 
I/O port 


4K Bytes 


PortD 
Port F0-F3 
Port F4-F7 


Multiplexed address/data bus 
Address bus 
I/O port 


16K Bytes 


PortD 
Port F0-F5 
Port F 6 -F 7 


Multiplexed address/data bus 
Address bus 
I/O port 


60K Bytes 


PortD 
PortF 


Multiplexed address/data bus 
Address bus 



Timers 

There are two 8-bit timers. The timers may be program- 
med independently or may be cascaded and used as an 
8-bit timer with 8-bit prescaler. The timer can be 
software set to increment at intervals of four machine 
cycles (1 fjs at 12 MHz operation) or 128 machine 
cycles (32 //s at 12 MHz), or to increment on receipt of a 
pulse at Tl. Figure 2 shows the block diagram for the 
timer. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 
3) can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable square-wave output 



E 



4-133 



M PD7810H/11H 



NEC 



Figure 1. Memory Map 
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IRQ1 


OFFFH 




1000H 
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IRQ2 








IRQ3 








IRQ4 


FEFFH 




FFOOH 


Internal RAM 
256 Bytes x 8 




IRQ5 


FFFFH 
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Figure 2. Timer Block Diagram 
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Figure 3. Block Diagram for Timer/Event Counter 
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8-Bit A/D Converter 

• 8 input channels 

• 4 conversion result registers 

• 2 powerful operation modes 
— Autoscan mode 
—Channel select mode 

• Successive approximation technique 

• Absolute accuracy: ±1.5 LSB (±0.6%) 

• Conversion range: to 5 V 

• Conversion time: 40 //s 

• Interrupt generation 



Analog/ Digital Converter 

The /I/PD781 OH/1 1 H features an 8-bit, high speed, high 
accuracy A/D converter. The A/D converter is made up 
of a 256-resistor ladder and a successive approximation 
register (SAR). There are four conversion result 
registers (CR0-CR3). The 8-channel analog input may 
be operated in either of two modes. In the select mode, 
the conversion value of one analog input is sequentially 
stored in CR0-CR3. In the scan mode, the upper four 
channels or the lower four channels may be specified. 
Then those four channels will be consecutively selected 
and the conversion results stored sequentially in the 
four conversion result registers. Figure 4 shows the 
block diagram for the A/D converter 
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Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and eight are internal. The following, table 2, 
shows 11 interrupt sources divided into six priority 
levels. See figure 5. 

Standby Function 

The standby function saves the top 32 bytes of RAM 
with backup power (Vp D ) if the main power (Vcc) fails. 
On power up you can check the standby flag (SB) to 
determine whether recovery was made from standby 
mode or from a cold start. 



Table 2. 


Interrupt Sources 




Interrupt 
Request 


Interrupt 
Address 


Type of Interrupt 


Internal/ 
External 


IRQO 


4 


NM7 (Nonmaskable interrupt) 


Ext 


IRQ1 


8 


INTTO (Coincidence signal from 
timer 0) 

INTT1 (Coincidence signal from 
timer 1) 


Int 


IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


Ext 


IRQ3 


24 


INTEO (Coincidence signal from 
timer/event counter) 

INTE1 (Coincidence signal from 
timer/event counter) 


Int 


IRQ4 


32 


INTEIN (Falling signal of CI and 
TO counter) 


Int/Ext 




INTAD (A/D converter interrupt) 




IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Int 



Figure 4. A/D Converter Block Diagram 



AN o- 
AN, o- 
AN, o- 
AN 3 O- 
AN 4 0- 
AN 5 o- 
AN e O- 
AN 7 o- 




Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfers data MSB first, for easy 
interfacing to certain NEC peripheral devices. Syn- 
chronous and asynchronous modes transfer data LSB 
first. Synchronous operation offers two modes of data 
reception: search and nonsearch. In the search mode, 
data is transferred one bit at a time from the serial 
register to the receive buffer. This allows a software 
search for a sync character. In the nonsearch mode, 
data transfer from the serial register to the transmit 
buffer occurs eight bits at a time. Figure 6 shows the 
universal serial interface block diagram. 

Figure 5. Interrupt Structure Block Diagram 
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Figure 6. Universal Signal Interface Block Diagram 
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Zero-Crossing Detector 



The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low- 
frequency AC signals. When driven directly, these pins 
respond as a normal digital input. Figure 7 shows the 
zero-crossing detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
approximately 1-3 V AC (peak-to-peak) and a maximum 
frequency of 1 kHz is co upled through an external 
capacitor to the INT1 and INT2 pins. 

For the INT1 pin, the internal digital state is sensed as a 
until the rising edge crosses the average DC level, 
when it becomes a 1 and INT1 interrupt is generated. 

For the INT2 pin, the state is sensed as a 1 until the 
falling edge cros ses t he average DC level, when it 
becomes a and INT2 interrupt is generated. 

Figure 7. Zero-Crossing Detection Circuit 
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Absolute Maximum Ratings 

Power supply voltages, Vrjc 



-0.5 V to +7,0 V 



Vdd 



-0.5 V to +7.0 V 



AVcc 



-0.5 V to +7.0 V 



AV SS 


-0.5 V to +0.5 V 


Input voltage, V| 


-0.5 V to +7,0 V 


Output voltage, Vrj 


-0.5 V to +7.0 V 


Reference input voltage, V/\ref 


-0.5 V to V cc V 


Output current low, IrjL 
All outputs 
Total, all outputs 


4.0 mA 
100 mA 


Output current high, IrjH 
All outputs 
Total, all outputs 


-0.5 mA 
-20 mA 


Operating temperature, TnpR 
fjCTAL<M5MHz 


-10°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Operating Conditions 



Oscillating Frequency 




T fl V CC ,AV CC 


f XT AL^15MHz 




-10°Cto+70°C +5.0V±10% 


Capacitance 

T A =25°C; V CC = V DD = 


= v ss = 


ov 






Limits ,. . 
Tpst 


Parameter Symbol Min 


Typ Max Unit Conditions 



Capacitance 



Output 
capacitance 



Co 



20 



pF f c = 1MHz. 
Unmeasured 



PF 



pins returned 
toOV. 



I/O capacitance 



Cio 



20 



PF 



Recommended XTAL Oscillation Circuit 



T 

1=1 

X 



C = 10 pF 
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DC Characteristics 

T A = -10°C to +70 °C; V cc = +5.0 V ±10%; V ss = V; V cc -0.8 V : 
V DD — v cc 





Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max Unit 


Conditions 


Input low 
voltage 


V|L 





0.8 V 





Input high 
voltage 



Vim 


2.0 


V C c V All except SCK, 
RESET, and XI 


V|H2 


0.8 V CC 


V cc V SCK, X1(1) 





V|H3 


0.8 V 0D 




Vcc 


V 


RESET 


Output low 
voltage 


Vol 






0.45 


V 


I l = 2.0 mA 


Output high 
voltage 


Voh 


2.4 






V 


l OH = -200//A 


Data 

retention 

voltage 


Vddd 


3.2 






V 


V CC = 0V; 
RESET = V| L 


Input current 


ii 






+200 


.//A 


INT1,TI(PC 3 ); + 
0.45 V<V|< 

Vcc 


Input leakage 
current 


lu 






+10 


M 


All except 
INT1,TI(PC 3 ) 
V < V, < V CC 


Output leakage 
current 


Ilo 






+10 


M 


+0.45 V < V 

sv cc 


AV C c supply 
current 


Alec 




6 


12 


mA 




Vdd supply 
current 


'dd 




1.5 


3.2 


mA 


T A = +25°C; 

Vcc = v dd = 
5V 


Vcc supply 
current 


ice 




150 


200 


mA 


T A = +25°C; 
Vcc = v dd = 

5V 



Note: 

(1) For XTAL oscillation, see the recommended circuit. 

External Clock Timing 

T A = -10°C to +70 °C; V cc = +5.0 V ±10%; V ss = O V; 
V CC -0.8V<V DD <V CC 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


X1 input width high 


t*H 


20 




250 


ns 


X1 input width low 


to>L 


20 




250 


ns 


X1 input rise time 


tr 







20 


ns 


X1 input fall time 


tf 







20 


ns 



AC Characteristics 

Read/Write Operation 

T A = -10°C to +70 °C, V cc = +5.0 V ±10%, V ss = -O V, 
V CC -0.8VSV DD SV CC 





Symbol 


Limits 


Unit 




Parameter 


Min Max 


Conditions 


X1 input cycle time 


l CYC 


66 250 


ns 





RDl to address 
floating 



*AFR 



20 



ns Load capacitance: 
C L = 150 pF 



Data hold after RDl 


tRDH 







ns 


WrI to data output 


tWD 




100 


ns 


Address setup to 
ALEl 


tAL 


30 




ns 1 


Address hold after 
ALEl 


tLA 


35 




ns 


Address to RDl delay 
time 


l AR 


100 




ns 


Address to data input 


*AD 




250 


ns 


ALEl to data input 


*LDR 




135 


ns 


RDl to data input 


l RD 




120 


ns 


ALE to RDi delay 
time 


»LR 


15 




ns 


ALE to WrU delay 
time 


*LW 


15 




ns 


Data setup time to 
WRt 


*DW 


165 




ns 


Data hold time after 
WRt 


%DH 


60 




ns 


WRt to ALE t delay 
time 


%L 


80 




ns 


WR width low 


t W w 


215 




ns 



15 MHz 



E 



RDt to ALE t delay 
time 



tRL 



80 



RD width low 



tRR 



215 



Data read, 
f XT AL = 15MHz; 
C L = 150 pF 



415 



ns OP code fetch, 
f XT AL = 15MHz; 
C L = 150 pF 



ALE width high 



■t L L 



90 



Address to WRl 
delay 


*AW 


100 


ns 


ALEl to data output 


*LDW 


180 


ns 


Ml setup time to 
ALEl 


tML 


30 


ns 


Ml hold time after 
ALEl 


*LM 


35 


ns 


10/M setup time to 
ALEl 


tlL 


30 


ns 



ns fxiAL = 1 5 MHz 
Load capacitance 
= 150 pF 



ALE J 



tu 



35 
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Symbol 


Limits 


Unit 




Parameter 


Min 


Max 


Conditions 


SCK cycle time 


*CYK 


800 




ns 


SCK input (1) 




500 




ns 


SCK input (2) 




1.6 




fjs 


SUR output 


SCK width low 


tKKL 


335 




ns 


SCK input (1) 




200 




ns 


SCK input (2) 




700 




ns 


SCK output 


SCK width high 


tKKH 


335 




ns 


SCK input (1) 




200 




ns 


SCK input (2) 




700 




ns 


SCK output 


RxD set-uptime to 
STKt 


tRXK 


80 




ns 


(D 


RxD hold time after 
SCK t 


tKRX 


80 




ns 


(D 


SCK I TxD delay time 


iKTX 




210 


ns 


(D 



Note: 

(1) 1x clock rate in asynchronous, synchronous, or I/O interface 
mode. 

(2) 16x, 64x clock rate in asynchronous mode. 



A/D Converter 

T A = 0to+70°C;V cc = 
AV CC -0.5V<V AREF < 



Characteristics 

AV CC = +5.0 V ± 10%; V ss = AV SS = V; 
AV CC 





Symbol 




Limits 




Unit 




Parameter 


Min 


Typ 


Max 


Conditions 


Resolution 




8 






bits 




Absolute 
accuracy 








0.8% 
±1/2 


LSB 


T A = -10to 
+150°C, 66 ns 
< t C yc ^ 170 ns 


Conversion 
time 


trjONV 


576 






tCYC 


66 ns < t C YC ^ 
110 ns 




432 






tCYC 


110ns<t C YC^ 
170 ns 


Sampling time 


tSAMP 


96 






l CYC 


66ns<tcYC^ 
110 ns 




72 






l CYC 


110ns<t C YC^ 
170 ns 


Analog input 
voltage 


Via 







V AREF 


V 




Analog 
resistance 


R AN 




1000 




Mfi 




Analog 

reference 

current 


'aref 


0.2 


0.5 


1.5 


mA 





Zero-Cross Characteristics 

T A = -10to+70°C,V cc = +5.0V±10%,V ss = 0V,V cc -8V<V DD 





Limits 


Unit 




Parameter 


Symbol Min Max 


Test Conditions 


Zero-cross detection 
input 


i V zx 1 1.8 


VACp.p 


AC coupled 


Zero-cross accuracy 


A zx ±135 


mV 


60 Hz 
sine wave 


Zero-cross detection 
input frequency 


i fzx 0.05 1 


kHz 




Bus Timing Depending on ' 


*CYC 




Symbol 


Calculating Expression 


Min/Max 


tAL 


2T - 100 




Min 


tLA 


T-30 




Min 


*AR 


3T - 100 




Min 


Iad 


7T - 220 




Max 


tLDR 


5T - 200 




Max 


l RD 


4T - 150 




Max 


tLR 


T-50 




Min 


l RL 


2T - 50 




Min 


tRR 


4T - 50 (Data Read) 




Min 




7T - 50 (Opcode Fetch) 






tLL 


2T-40 




Min 


t|VIL 


2T - 100 




Min 


*LM 


T-30 




Min 


t|L 


2T - 100 




Min 


tu 


T-30 




Min 


l AW 


3T -100 




Min 


tLOW 


T + HO- 




Max 


tLW 


T-SO 




Min 


tDW 


4T - 100 




Min 


l WDH 


2T - 70 




Min 


{ WL 


2T-50 




Min 


t ww 


4T - 50 




Min 


*CYK 


12T (SCK lnput)(1) 




Min 




24T (SCK output) 






tKKL 


5T + 5 (SCK input)(1) 
12T - 100 (SCK output) 




Min 


tKKH 


5T + 5 (SCK input)(1) 
12T - 100 (SCK output) 




Min 



4-140 



Note: 

(1) 1x clock rate in asynchronous, synchronous, or I/O interface 
mode. 

(2) T = t CYC =1/fxTAL- 

(3) The items not included in this list are independent of oscillator 
frequency (f X TAI_)- 



SEC 



/iPD7810HH1H 



Other Operations 

T A = -1 to +70 °C, V cc = +5.0 V ± 1 0%, V ss = V, V cc - 0.8 V = 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Tl width high, low 


( TIH. l TIL 


6 




*CYC 






l CI1H. l CI1L 


6 




tCYC 


Event count 
mode 


CI width high, low 


l CI2H. *CI2L 


48 




tCYC 


Pulse width 

measurement 

mode 


NMI width high, low 


l NIH. l NIL 


36 




tCYC 




INT1 width high, low 


t|1H. t|1L 


36 




tCYC 




INT2 width high, low 


t|2H. t|2L 


36 




tCYC 




RESET width high, 
low 


l RSH. tRSL 


60 




*CYC 





Timing Waveforms 

Read Operation 



do: 






High Address 



XX 



Low Address 



J 



\ 



X "■" ■ > 



\ 



7 



<x 



-tRDH 
tRL- 



/ 



M0DE1 
[Note 



MODEO (IO/M) 
[Note 2] 



(Ml) ~~ \ 
11 \ 

A 



/ 



[1] M1 is output to the MODE1 pin at the first opcode fetch cycle if the MODE 1 pin is pulled up. 
[2] IO/M is output to the MODEO pin at the sr to sr2 register read cycle if the MODEO pin is pulled up. 



E 
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M PD7810H/11H 



NEC 



Timing Waveforms (cont) 

Write Operation 



do; 



do; 



J\ A. 



Low Address 



J 



\ 



;o; 



\ 



:oc 



/ 



MODEO (IOIM) 
[Note 



_ -J; 

r A 



/ 



(1) IO/M is output to the MODEO pin at the sr to sr2 register write cycle if the MODEO pin is pulled up. 



Serial Operation 
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NEC 



M PD7810H/11H 



Timing Waveforms (cont) 

Timer Input Timing 



/ \ / 



Timer/Event Counter Input Timing: 
Event Counter Mode 



/ \ / 



Timer/Event Counter Input Timing: 
Pulse Width Measurement Mode 



/ \ / 



Interrupt Input Timing 



) \ f 



\ / ^ 



) \ f 



RESET Input Timing 




External Clock Timing 



h— i«h— H 



2.0 V 
0.8 V 



V-jf 



-*0L- 



AC Timing Test Points 



2.4 V- 
0.45 V ■ 



X2.0 V » T ,„., .,2.0V \f^ 
J Test Points C* V 

0.8 V * ^ 0.8 V / \ 



E 
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A/PD7810H/11H 



NEC 



Instruction Set 

Operand Format/Description 



Format 



Description 



r V, A, B, C, D, E, H, L 

r1 EAH, EAL, B, C, D, E, H, L 

r2 A, B, C 



sr PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM, 

ETMM, TMM, MM, MCC, MA, MB, MC, 

MF, TxB, TM , m-\ 
sr1 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB, 

CRO, CR1.CR2.CR3 
sr2 PA, PB, PC, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM 

sr3 ETM , ETM 1 

sr4 ECNT, ECPT 



rp 
rp1 
rp2 
rp3 



SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B, D, H 



rpa B, D, H, D+ , H + , D -, H - 

rpal B, D, H 

rpa2 B, D, H, D +, H + , D -, H -, D + byte, H + A, H + B, 

H + EA, H + byte 
rpa3 D, H, D + +, H + +, D + byte, H + A, H + B, H + EA, 

H + byte 



wa 


8-Bit immediate data 




word 
byte 
bit 


16-Bit immediate data 
8-Bit immediate data 
3-Bit immediate data 




f CY, HC, Z 


irf 


FNMI, FTO, FT1,F1,F2, 
OV, AN 4 , AN 5 , AN 6 , AN 7 


FEO, FE1, FEIN, FAD, FSR, FST, ER, 
,SB 


Instruction Set Symbol Definitions 


Symbo 


1 


Description 


— 




Transfer direction, result 


A 




Logical product (logical AND) 


V 




Logical sum (logical OR) 


■v- 




Exclusive OR 


- 




Complement 


• 




Concatenation 



Remarks 



1. sr-sr4 (special register) 



PA = Port A 

PB = Port B 

PC = Port C 

PD = Port D 

PF = Port F 

MA = Mode A 

MB = Mode B 

MC = Mode C 

MCC = Mode Control C 

MF = ModeF 

MM = Memory Mapping 
TMo = Timer Register 
TM-| = Timer Register 1 
TMM = Timer Mode 
ETMq = Timer/Event 
Counter Register 
ETMi = Timer/Event Counter 
Register 1 



ECNT = Timer/Event 
Counter Upcounter 
ECPT = Timer/Event 
Counter Capture 

ETMM = Timer/Event 
Counter Mode 
EOM = Timer/Event 
Counter Output Mode 

TxB = TX Buffer 

RxB = RX Buffer 

SMH = Serial Mode High 

SML = Serial Mode Low 

MKH = Mask High 

MKL = Mask Low 

ANM = A/D Channel Mode 

CRo = A/D Conversion Result 0-3 

toCR 3 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



3. rpa-rpa3 (rp addressing) 



B = (BC) 


D + + = (DE) ++ 


D = (DE) 


H + + = (HL) ++ 


H = (HL) 


D + byte = (DE) + byte 


D + = (DE) + 


H + A = (HL) + (A) 


H - = (HL) + 


H + B = (HL) + (B) 


D- = (DE)- 


H + EA = (HL) + (EA) 


H- = (HL)- 


H + byte = (HL) + byte 



4. f(flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



NMI = NMI* Input 

FTO = INTFTO 
FT1 = INTFT1 
F1 = INTF1 
F2 = INTF2 
FEO = INTFEO 
FE1 = INTFE1 



FEIN = INTFEIN 

FAD = INTFAD 

FSR = INTFSR 

FST = INTFST 

ER = Error 

OV = Overflow 

AN4 to AN7 = Analog Input 4-7 

SB = Standby 
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Instruction Set 





Operand 


Operation 














Operation Code 










State( 1) 


Bytes 




Mnemonic 


7 


6 


5 


B1 

B3 
4 3 


2 


1 





7 6 


B2 

B4 
5 4 3 


2 


1 





Skip 
Condition 


8-Bit Data Transfer 


MOV 


r1,A 


(M) - (A) 













1 1 


T 2 


Ti 


To 












4 


1 






A, r1 


(A) *~ (r1) 













1 


T 2 


Ti 


To 












4 


1 






*sr,A 


(sr) *- (A) 







1 





1 


1 





1 


1 1 


S5 S4 S3 


s 2 


Si 


So 


10 


2 






*A,sr1 


(A) *- (sr1) 







1 





1 


1 








1 1 


S5 S4 S3 


S 2 


Si 


So 


10 


2 






r.word 


(r) "- (word) 







1 




1 











1 


1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 










word,r 


(word) *- (r) 







1 




1 











1 


1 1 1 
High addr 


R 2 


R1 


Ro 


17 


4 












Low addr 








MVI 


*r,byte 


(r) — byte 
set 11 if r = A 
set LO if r = L 







1 




1 


R 2 


Ri 


Ro 




Data 








7 


2 


L1 = 1 and r = A 
LO = 1 and r = L 




sr2,byte 


(sr2) — byte 







1 







1 








s 3 o 





S 2 


Si 


So 


14 


3 












Data 










MVIW 


*wa, byte ((V)»(wa)) *- byte 







1 




1 








1 




Offset 








13 


3 












Data 




















MVIX 


*rpa1,byte (rpal) "— byte 







1 





1 





Al 


A 




Data 








10 


2 




STAW 


*wa 


((V).(wa))-A 







1 










1 


1 




Offset 








10 


2 




LDAW 


*wa 


(A) — ((V).(wa)) 






















1 




Offset 








10 


2 




STAX 


*rpa2 


(rpa2) - (A) 




A 3 







1 1 


A 2 


Ai 


Ao 




Data (2) 








7/13(3) 


2 




LDAX 


*rpa2 


(A) - ((rpa2)) 




A 3 







1 


A 2 


Ai 


Ao 




Data (2) 








7/13(3) 


2 




EXX 




(B) ** (B'),(C) ~* (C'),(D) — 
(E)*~(E'),(H)**(H'),(L)~ 


(D') 
(L') 











1 








1 












4 


1 




EXA 




(V) — (V'),(A)~(A'),(EA)~(EA') 











1 





















4 


1 




EXH 




(H) ** (H'),(L) — (1) 







1 





1 





















4 


1 




16-Bit Data Transfer 


BLOCK 


D 


((DE))«-((HL)),(DE) — (DE + 1). 
(HL) — (HL) + 1,(C)*-(C)-1 
End if borrow 








1 


1 








1 












13 x 

(C + 1) 


1 




DMOV 


rp3, EA 


(rp3 L ) - (EAL),(rp3 H ) — (EAH) 


1 





1 


1 


1 


Pi 


Po 












4 


1 






EA,rp3 


(EAL) *- (r P 3 L ),(EAH) ~~ (r P 3 H ) 


1 





1 





1. 


Pi 


Po 












4 


1 





8 



■n 
o 

00 



i 



Instruction Set (cont) 



"5= 

o 

00 



i 



Operation Code 



Mnemonic Operand 



Operation 



B1 

B3 
7 6 5 4 3 2 1 



7 6 



B2 

B4 
5 4 3 2 1 



State(l) 



Skip 
Bytes Condition 



16-Bit Data Transfer (cont) 



DMOV 


sr3, EA 


(sr3)^(EA) 


1 





1 








1 


1 


10 




Uo 


14 


2 




EA,sr4 


(EA)-(sr4) 


.1 





1 








1 


1 





Vi 


Vo 


14 


2 


SBCD 


word 


(word) — (C), (word + 1) — (B) 


1 




1 














111 







20 


4 








Low addr 










High addr 








SDED 


word 


(word) *- (E), (word + 1) *- (D) 


1 




1 














10 11 







20 


4 








Low addr 










High addr 








SHLD 


word 


(word) — (L), (word + 1) *~ (H) 


1 




1 














1111 







20 


4 








Low addr 










High addr 








SSPD 


word 


(word) — (SP L ),(word + 1) — (SP H ) 


1 




1 














11 







20 


4 








Low addr 










High addr 








STEAX 


rpa3 


((rpa3)) *- (EAL),((rpa3) + 1 — (EAH) 


1 





1 








1 





1 C 3 C 2 


Ci 


Co 


14/20(3) 


3 








Data(4) 








LBCD 


word 


(C) — (word).(B) — (word + 1) 


1 




1 














111 




1 


20 


4 








Low addr 










High addr 








LDED 


word 


(E) — (word),(D) «- (word + 1) 


1 




1 














10 11 




1 


20 


4 








Low addr 










High addr 








LHLD 


word 


(L) — (word),(H) — (word + 1) 


1 




10 














1111 




1 


20 


4 








Low addr 










High addr 








LSPD 


word 


(SP L ) *- (word),(SP H ) — ((word) + 1) 


1 




1 














11 
High addr 




1 


20 


4 








Low addr 








LDEAX 


rpa3 


(EAL)*-((rpa3)),(EAH) — ((rpa3) + 1) 


1 





1 








1 





C 3 C 2 


Ci 


Co 


14/20(3) 


3 








Data(4) 








PUSH 


rp1 


((SP)-1)-(rp1 H )((SP)-2)-(rp1 L ) 
(SP) — (SP) - 2 


1 




1 Q 2 


Q-1 


0-0 












13 


1 


POP 


rp1 


(rp10*-((SP)).(rp1 H )*-((SP) + 1) 


1 




Q 2 


Qi 


Qo 












10 


1 



LXI 



(SP) — (SP) + 2 



*rp2,word (rp2) *- (word) 

set LO if rp2 = H 



P 2 P 1 Pp 1 
High byte 



Low byte 



LO = 1 and 
rp2 = H 



TABLE (C)*-((PC)+3+(A)),B*-((PC)+3+(A)+1) 1 


10 








10 10 10 


17 


2 


8-Bit Arithmetic [Register] 


ADD A,r (A) — (A) + (r) 1 


10 








1 1 R 2 Ri Ro 


8 


2 


r,A (r) — (r) + (A) 1 


10 








1 R 2 Ri Ro 


8 


2 


ADC A,r (A) *- (A) + (r) + (CY) 1 


10 








1 1 1 R 2 . Ri Ro 


8 


2 



8 



r.A (r) - (r) + (A) + (CY) 



110 



10 1 R 2 Rj Rq 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 



B1 
B3 



B2 
B4 



7 6 5 



3 2 10 



6 5 



3 2 1 



State! 1) 



Bytes 



Skip 
Condition 



8-Bit Arithmetic [Register] (cont) 


ADDNC 


A,r 


(A) - (A) + (r) 


1 


1 














1 













R 2 


Ri 


Rrj 


8 


2 


No carry 




r,A 


(r)*"(r) + (A) 


1 


1 




























R 2 


Ri 


Ro 


8 


2 


No carry 


SUB 


A,r 


(A) - (A) - (r) 


1 


1 














1 


1 










R 2 


Ri 


Rrj 


8 


2 






r,A 


(r)-(r)-(A) 


1 


1 

















1 










R 2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A) - (A) - (r) - (CY) 


1 


1 














1 


1 




1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) — (r) - (A) - (CY) 


1 


1 

















1 




1 





R 2 


Ri 


Ro 


8 


2 




SUBNB 


A,r 


(A) - (A) - (r) 


1 


1 














1 







1 





R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r)^(r)-(A) 


1 


1 o 






















1 





R 2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A)-(A)A(r) 


1 


1 














1 











1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)A(A) 


1 


1 


























1 


R 2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A) - (A) V (r) 


1 


1 














1 








1 


1 


R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 


1 


1 























1 


1 


R 2 


Ri 


Ro 


8 


2 




XRA 


A,r 


(A)*-.(A)V(r) 


1 


1 














1 








1 





R 2 


Ri 


Ro 


8 


2 






r,A 


(r) - (r) V (A) 


1 


1 























1 





R 2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A) - (r) - 1 


1 


1 














1 










1 


R 2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r) - (A) - 1 


1 


1 

























1 


R 2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A) - (r) 


1 


1 














1 







1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r) - (A) 


1 


1 






















1 


1 


R 2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A) - (r) 


1 


1 














1 









1 


R 2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r) - (A) 


1 


1 
























1 


R 2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A)-(r) 


1 


1 














1 






1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(r) - (A) 


1 


1 





















1 


1 


R 2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A,r 


(A) A (r) 


1 


1 














1 










1 


R 2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A) A (r) 


1 


1 














1 







1 


1 


R 2 


R 1 


Ro 


8 


2 


Zero 


8-Bit Arithmetic (Memory) 






ADDX 


rpa 


(A) - (A) + ((rpa)) 


1 
















1 













A 2 


Ai 


A 




2 




AD.C'X 


rpa 


(A) — (A) + ((rpa)) + (CY) 


1 
















1 







1 





A 2 


Al 


A 




2 




ADDNCX 


rpa 


(A) — (A) + ((rpa)) 


1 
















1 





1 








A 2 


Ai 


A 




2 


No carry 


SUBX 


rpa* 


(A) - (A) - ((rpa)) 


1 
















1 




1 








A 2 


Ai 


Ao 




2 




SBBX 


rpa 


(A) ^ (A) - ((rpa)) - (CY) 


1 
















1 




1 


1 





A 2 


Ai 


A 




2 




SUBNBX 


rpa 


(A) - (A) - ((rpa)) 


1 
















1 





1 


1 





A 2 


A i 


Ao 




2 


No borrow 


ANAX 


rpa 


(A) -(A) A ((rpa)) 


1 
















1 











1 


A 2 


A-, 


Ao 




2 




ORAX 


rpa 


(A) - (A) V ((rpa)) 


1 
















1 








1 


1 


A 2 


Ai 


Ao 




2 





"1= 
O 
00 



Instruction Set (cont) 



"c: 

O 

00 



i 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 6 


B3 
5 4 3 


2 


1 





7 


6 


5 


B4 
4 3 


2 


1 





Stated) 


Bytes 


Skip 
Condition 


8-Bit Arithmetic (Memory) 


cont) 


XRAX 


rpa 


(A) - (A) V ((rpa)) 


1 


1 1 



















1 


A 2 


Al 


A 


11 


2 




GTAX 


rpa 


(A) - ((rpa)) - 1 


1 


1 1 
















1 


1 


A 2 


Ai 


A 


11 


2 


No borrow 


LTAX 


rpa 


(A) -((rpa)) 


1 


1 1 
















1 


1 1 


A 2 


Ai 


A 


11 


2 


Borrow 


NEAX 


rpa 


(A) -((rpa)) 


1 


1 1 













1 


1 


1 


A 2 


Ai 


A 


11 


2 


No zero 


EQAX .,-' 


rpa 


(A) - ((rpa)) 


1 


1 1 













1 


1 


1 1 


A 2 


Ai 


A 


11 


2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 


A 2 Ai 


Arj 


11 


2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


1 1 













1 





1 1 


A 2 A 1 


A 


11 


2 


Zero 


Immediate Data 




ADI 


*A,byte 


(A) — (A) + byte 


1 







1 











Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


1 1 













1 








R 2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) *- (sr2) + byte 


1 


1 










S 3 


1 








S 2 


Si 


So 


20 


3 








Data 










ACI 


*A,byte 


(A) — (A) + byte + (CY) 


1 


1 Q 




1 











Data 








7 


2 






r.byte 


(r) — (r) + byte + (CY) 


1 


1 1 













1 





1 


R 2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) — (sr2) + byte + (CY) 


1 


1 










S3 


1 





1 


S 2 


Si 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) *- (A) + byte 





1 




1 











Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 1 





















R 2 


Ri 


Ro 


11 


3 


No carry 






Data 


























sr2,byte 


(sr2) — (sr2) + byte 


1 


1 










S 3 










S 2 


Si 


So 


20 


3 


No carry 






Data 
























SUI 


*A,byte 


(A) — (A) - byte 


1 


1 




1 











Data 








7 


2 






r.byte 


(r) «- (r) - byte 


1 


1 1 













1 







R 2 


Ri 


Ro 


11 


3 








Data 


























sr2,byte 


(sr2) — (sr2) - byte 


1 


1 










s 3 


1 







S 2 


Si 


So 


20 


3 








Data 
























SBI 


*A,byte 


(A) — (A) - byte - (CY) 


1 


1 1 




1 











Data 








7 


2 






r.byte 


(r) - (r) - byte - (CY) 


1 


1 1 
Data 













1 




1 


R 2 


Ri 


Ro 


11 


3 
























sr2,byte 


(sr2) <- (sr2) - byte - (CY) 


1 


1 


1 








s 3 


1 




1 


s 2 


Si 


So 


20 


3 





Data 



§ 
8 



Instruction Set (cont) 





Operand 


Operation 








Operation Code 












State(t) 


Bytes 




Mnemonic 


7 


6 


B1 

B3 
5 4 3 2 1 





7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


Immediate Data (cont) 


SUINB 


*A,byte 


(A) — (A) - byte 








1 1 


1 











Data 








7 


2 


No borrow 




r.byte 


(r) — (r) - byte 







1 1 














1 


1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 










sr2,byte 


(sr2) — (sr2) - byte 







1 








S 3 





1 


1 


s 2 


Si 


So 


20 


3 


No borrow 








Data 








ANI 


*A,byte 


(A) — (A) A byte 











1 


1 








Data 








7 


2 






r.byte 


(r) *- (r) A byte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) *- (sr2) A byte 







1 








s 3 








1 


S 2 


Si 


So 


20 


3 










Data 








ORI 


*A,byte 


(A) — (A) V byte 








1 


1 


1 








Data 








7 


2 






r.byte 


(r) — (r) V byte 







1 10 

















1 1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) V byte 







.1 








s 3 








1 1 


s 2 


Si 


So 


20 


3 










Data 








XRI 


*A,byte 


(A) — (A) V byte 








1 


1 











Data 








7 


2 






r,byte 


(r)*-(r)Vbyte 







1 1 

















1 


R 2 


Ri 


Ro 


11 


3 










Data 










sr2,byte 


(sr2) — (sr2) V byte 







1 








s 3 








1 


s 2 


Si 


So 


20 


3 










Data 








GTI 


*A,byte 


(A) - byte - 1 








1 


1 


1 








Data 








7 


2 


No borrow 




r.byte 


(r) - byte - 1 







1 1 
















1 


R 2 


Ri 


Ro 


11 


3 


No borrow 








Data 
























sr2,byte 


(sr2) - byte - 1 ^ 







1 








S 3 







1 


S 2 


Si 


So 


14 


3 


No borrow 








Data 






















LTI 


*A,byte 


(A) - byte 








1 1 


1 


1 








Data 








7 


2 


Borrow 




r.byte 


(r) - byte 







1 1 
















1 1 


R 2 


Ri 


Ro 


11 


3 


Borrow 








Data 
























sr2,byte 


(sr2) - byte 







1 








s 3 







1 1 


S 2 


Si 


So 


14 


3 


Borrow 








Data 






















NEI 


*A,byte 


(A) - byte 







1 


1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) - byte 







1 1 
Data 











1 




1 


R 2 


Ri 


Ro 


11 


3 


No zero 



8 



D 
00 



i 



Instruction Set (cont) 



o 

00 



i 



Mnemonic Operand 



Operation 



Operation Code 



B1 B2 

B3 B4 

765 43210 76543210 State(t) 



Skip 
Bytes Condition 



Immediate Data (cont) 



NEI 


sr2,byte 


(sr2) - byte 






1 


1 
Data 








s 3 1 


1 





1 


s 2 


Si 


So 


14 


3 


No zero 




















EQI 


*A,byte 


(A) - byte 






1 


1 1 


1 


1 






Data 








7 


2 


Zero 




r.byte 


(r) - byte 






1 


1.1 








1 


1 


1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr2,byte 


(sr2) - byte 






1 


1 








s 3 1 


1 


1 


1 


s 2 


Si 


So 


14 


3 


Zero 






Data 






















ONI 


*A,byte 


(A) A byte 






1 





1 


1 






Data 








7 


2 


No zero 




r.byte 


(r) A byte 






1 


1 1 








1 








1 


R 2 


Ri 


Ro 


11 


3 


No zero 






Data 
























sr2,byte 


(sr2) A byte 






1 


1 








S 3 1 








1 


s 2 


Si 


So 


14 


3 


No zero 






Data 






















OFFI 


*A,byte 


(A) A byte 






1 


10 


1 


1 






Data 








7 


2 


Zero 




r,byte 


(r) A byte 






1 


1 1 








1 





1 


1 


R 2 


Ri 


Ro 


11 


3 


Zero 






Data 
























sr2,byte 


(sr2) A byte 






1 


10 








s 3 1 





1 


1 


s 2 


Si 


So 


14 


3 


Zero 






Data 






















Working Register 








ADDW 


wa 


(A) - (A) + ((V).(wa)) 




1 


1 1 




























14 


3 








Offset 






















ADCW 


wa 


(A) - (A) + ((V).(wa)) + (CY) 


1 


1 1 













1 














14 


3 








Offset 






















ADDNCW 


wa 


(A) - (A) + ((V).(wa)) 




1 


1 1 








1 


1 

















14 


3 


No carry 






Offset 






















SUBW 


wa 


(A) *- (A) - 


((V).(wa)) 




1 


1 10 










1 

















14 


3 








Offset 






















SBBW 


wa 


(A) - (A) - 


((V).(wa)) - 


-(CY) 


1 


1 1 










1 


1 














14 


3 








Offset 






















SUBNBW 


wa 


(A) -(A)- 


((V)-(wa)) 




1 


1 1 o 








1 


1 


1 














14 


3 


No borrow 






Offset 






















ANAW 


wa 


(A) *- (A) A ((V).(wa)) 




1 


1 1 








1 








1 











14 


3 





Offset 



8 



Instruction Set (cont) 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 


6 


5 


B3 
4 3 2 1 


7 6 


5 


B4 
4 3 


2 


1 





State! 1) 


Bytes 


Skip 
Condition 


Working Register (cont) 


ORAW 


wa 


(A) - (A) V ((V).(wa)) 









1 














1 











14 


3 












Offset 


















XRAW 


wa 


(A) - (A) V ((V).(wa)) 









1 














1 











14 


3 












Offset 


















GTAW 


wa 


(A) - ((V).(wa)) - 1 









1 











1 


1 











14 


3 


No borrow 










Offset 


















LTAW 


wa 


(A) - ((V).(wa)) 









1 











1 


1 1 











14 


3 


Borrow 










Offset 


















NEAW 


wa 


(A) - ((V).(wa)) 









1 








1 


1 


1 











14 


3 


No zero 










Offset 


















EQAW 


wa 


(A) - ((V).(wa)) 









1 








1 


1 


1 1 











14 


3 


Zero 










Offset 


















ONAW 


wa 


(A) A ((V).(wa)) 









1 








1 





1 











14 


3 


No zero 










Offset 


















OFFAW 


wa 


(A) A ((V).(wa)) 









1 








1 





1 











14 


3 


Zero 










Offset 








ANIW 


*wa,byte 


((V).(wa)) *- ((V).(wa)) A byte 























Offset 








19 


3 












Data 




















ORIW 


*wa,byte 


((V).(wa)) — ((V).(wa)) V byte 











1 











Offset 








19 


3 












Data 




















GTIW 


*wa,byte 


((V).(wa)) - byte - 1 








1 














Offset 








13 


3 


No borrow 










Data 




















LTIW 


*wa,byte 


((V)«(wa)) - byte 








1 


1 











Offset 








13 


3 


Borrow 










Data 




















NEIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 














Offset 








13 


3 


No zero 










Data 




















EQIW 


*wa,byte 


((V).(wa)) - byte 





1 


1 


1 


1 








Offset 








13 


3 


Zero 










Data 




















ONIW 


*wa,byte 


((V)«(wa)) A byte 





1 








1 








Offset 








13 


3 


No zero 










Data 




















OFFIW 


*wa,byte 


((V).(wa)) A byte 





1 





1 
Data 


1 








Offset 








13 


3 


Zero 




















8 



D 
00 



i 



Instruction Set (cont) 





Operand 


Operation 














Operation Code 














State(l) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


5 


82 

B4 
4 


3 


2 


1 





Skip 
Condition 


16-Bit Arithmetic 


EADD 


EA,r2 


(EA) — (EA) + (r2) 


























1 














p.1 


Ro 




2 




DADD 


EA,rp3 


(EA) - (EA) + (rp3) 
























1 











1 


Pi 


Po 




2 




DADC 


EA,rp3 


(EA) — (EA) + (rp3) + (CY) 
























1 





1 





1 


Pi 


Po 




2 




DADDNC 


EA,rp3 


(EA) - (EA) + (rp3) 



































1 


Pi 


Po 




2 


No carry 


ESUB 


EA,r2 


(EA) «- (EA) - (r2) 


























1 













Ri 


Ro 




2 




DSUB 


EA,rp3 


(EA) - (EA) - (rp3) 
























1 










1 


Pi 


Po 




2 




DSBB 


EA,rp3 


(EA)-(EA)-(rp3)-(CY) 
























1 




1 





1 


Pi 


Po 




2 




DSUBNB 


EA,rp3 


(EA) - (EA) - (rp3) 





























1 





1 


Pi 


Po 




2 


No borrow 


DAN 


EA,rp3 


(EA) — (EA) A (rp3) 

































1 


1 


Pi 


Po 




2 




DOR 


EA,rp3 


(EA) — (EA)V(rp3) 






























1 


1 


1 


Pi 


Po 




2 




DXR 


EA,rp3 


(EA) - (EA) V (rp3) 






























1 





1 


Pi 


Po 




2 




DGT 


EA,rp3 


(EA) - (rp3) - 1 



























1 





1 


1 


Pi 


Po 




2 


No borrow 


DLT 


EA,rp3 


(EA) - (rp3) 



























1 


1 


1 


1 


Pi 


Po 




2 


Borrow 


DNE 


EA,rp3 


(EA) - (rp3) 
























1 


1 





1 


1 


Pi 


Po 




2 


No zero 


DEQ 


EA,rp3 


(EA) - (rp3) 
























1 


1 


1 


1 


1 


Pi 


Po 




2 


Zero 


DON 


EA,rp3 


(EA) A (rp3) 
























1 








1 


1 


Pi 


Po 




2 


No zero 


DOFF 


EA,rp3 


(EA) A (rp3) 
























1 





1 


1 


1 


Pi 


Po 




2 


Zero 


Multiply/Divide 


MUL 


r2 


(EA) — (A) x (r2) 













1 

















1 





1 


1 


Ri 


Ro 


32 


2 




DIV 


r2 


(EA) — (EA) + (r2), (r2) "- Remainder 













1 

















1 


1 


1 


1 


Ri 


Ro 


59 


2 




Increment/Decrement 


INR 


r2 


(r2) *~ (r2) + 1 





1 














Ri 


Ptj 


















4 


1 


Carry 


INRW 


*wa 


((V).(wa)) — ((V).(wa)) + 1 








1 























Offset 








16 


2 


Carry 


INX 


rp 


(rp) — (rp) + 1 








Pi 


Po 








1 





















7 


1 






EA 


(EA) — (EA) + 1 


1 





1 





1 



























7 


1 




DCR 


r2 


(r2) ~- (r2) - 1 





1 





1 








Ri 


Ro 


















4 


1 


Borrow 


DCRW 


*wa 


((V).(wa)) «- ((V).(wa)) - 1 








1 


1 




















Offset 








16 


2 


Borrow 


DCX 


rp 


(rp) - (rp) - 1 








Pi 


Po 








1 


1 


















7 


1 






EA 


(EA) — (EA) - 1 


1 





1 





1 








1 


















7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 


1 














1 


















4 


1 




STC 




(CY) — 1 





1 








1 

















1 





1 





1 


1 


8 


2 




CLC 




(CY) «- 





1 








1 

















1 





1 





1 





8 


2 





Instruction Set (cont) 





Operation 










Operation Code 










State(l) 


Bytes 




Mnemonic Operand 


7 6 


5 


B1 

B3 

4 3 


2 


1 7 


6 


5 


B2 

B4 
4 3 


2 





Skip 
Condition 


Others (cont) 


NEGA (A) — (A) + 1 




1 





1 











1 


1 1 








8 


2 




Rotate and Shift 



(CY) - (EA ) 



8 



RLD 




Rotate left digit 

























1 


1 


1 











17 


2 




RRD 




Rotate right digit 

























1 


1 


1 








1 


17 


2 




RLL 


r2 


(r2 m + 1 )-(r2 m ),(r2 )*-(CY), 
(CY) - (r2 7 ) 

























1 


1 





1 


Ri 


Ro 


8 


2 




RLR 


r2 


(r2 m _i)-(r2 m ),(r27)^(CY), 
(CY) - (r2 ) 

























1 


1 








Ri 


Rrj 


8 


2 




SLL 


r2 


(r2 m + 1 )-(r2 m ),(r2 )*-0,(CY) 


- m 























1 








1 


Ri 


Ro 


8 


2 




SLR 


r2 


(r2 m _ 1 )«-(r2 m ),(r2 7 )'-0,(CY) 


*" (r2 ) 























1 











Ri 


Ro 


8 


2 




SLLC 


r2 


(r2 m + 1 )*-(r2 m ),(r2 )^0,(CY) 


*- (r2 7 ) 
































1 


Ri 


Ro 


8 


2 


Carry 


SLRC 


r2 


(r2 m _ 1 )^(r2 m ),(r27)*-0,(CY) 


~~ (r2 ) 



































Ri 


Ro 


8 


2 


Carry 


ORLL 


EA 


(EA n + 1 )— (EA n ),(EA ) - (CY), 
(CY) - (EA 15 ) 






















1 


1 


1 





1 








8 


2 




DRLR 


EA 


(EA n _i) — (EA n ),(EA 15 ) — (CY), 
(CY) - (EA ) 






















1 


1 


1 














8 


2 




DSLL 


EA 


(EA n + 1 )-(EA n ),(EA )-0, 
(CY) - (EA 15 ) 






















1 


1 








1 








8 


2 




DSLR 


EA 


(EA n _ 1 )-(EA n ),(EA 15 )-0, 






















1 


1 

















8 


2 





Jump 


JMP 


*word 


(PC) — word 





1 


1 1 
High addr 








Low addr 


10 


3 








JB 




(PC H ) - (B),(PC L ) *- (C) 





1 








1 




4 


1 


JR 


word 


(PC) — (PC) + 1 + jdisp 1 


1 


1 «— 


jdispl 




-* 




10 


1 


JRE 


*word 


(PC) *- (PC) + 2 + jdisp 





1 


1 1 


1 


"- 


jdisp "~ *" 


10 


2 


JEA 




(PC)-(EA) 





1 


1 








10 10 


8 


2 


Call 


CALL 


*word 


((SP) - 1) — ((PC) + 3) H , 
((SP)-2)-((PC) + 3) L 
(PC) — word, (SP) *- (SP) - 2 





1 



High addr 








Low addr 


16 


3 








CALB 




((SP)-1)-((PC) + 2) H , 
((SP)-2)-((PC) + 2) L 
(PC H )~-(B),(PC L >*-(C), 
(SP) — (SP) - 2 





1 


1 








10 10 1 


17 


2 


CALF 


*word 


((SP)-1)-((PC) + 2)h, 
((SP)-2)-((PC) + 2) L 
(PCi5-n)^ 00001, 
(PCio-o)^fa,(SP)-(SP)-2 





1 1 


1 1 — 






fa — 


13 


2 



D 
00 



i 




Instruction Set (cont) 



H 

o 

00 



i 



Operation Code 



B2 



Mnemonic 


Operand 


Operation 


7 


6 


5 


B3 
4 3 


2 


1 





7 


6 


5 


BV 

4 


1 

3 


2 


1 





Stated) 


Bytes 


Skip 
Condition 


Call (cont) 


CALT 


word 


((SP)-1)-((PC) + 1) H , 
«SP)-2)--((PC) + 1)l 
(PCL)*-(128 + 2ta),(PC H )^ 
(129 + 2ta),(SP)*-(SP)-2 


1 










ta 






















16 


1 




SOFTI 




((SP)-1)*-(PSW),((SP)-2)^ 
((PC) + 1) H ,((SP)-3)-((PC) + 1) L , 
(PC) «- 0060H,(SP) *- (SP) - 3 





1 


1 


1 





1 





















16 


1 




Return 


RET 




(PC L )*-((SP)),(PC H )^((SP) + 1) 
(SP) *- (SP) + 2 


1 





1 


1 1 



























10 


1 




RETS 




(PCl) *- ((SP)),(PC H ) *- ((SP) + 1) 
(SP) — (SP) + 2,(PC) *- (PC) + n 


1 





1 


1 1 








1 


















10 


1 


Unconditional 
Skip 


RETI 




(PC L )-((SP)),(PC H )*-((SP) + 1) 
(PSW) *- ((SP) + 2), (SP) — (SP) + 3 





1 


1 








1 





















13 


1 




Skip 


Bit 




bit, wa 





1 





1 1 f 


h 


Bi 


Bo 










Offset 






10 


2 


Bit Test 


CPU Control 


SK 


f 


Skip if f = 1 





1 





1 























1 


h 


F1 


Fo 


8 


2 


f = 1 


SKN 


f 


Skip if f = 





1 





1 




















1 


1 


F 2 


Ft 


Frj 


8 


2 


f = 


SKIT 


irf 


Skip if irf = 1, then reset irf 





1 





1 














1 





u 


l 3 


l 2 


11 


lo 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 
Reset irf if irf = 1 





1 





1 














1 


1 


u 


l 3 


l 2 


h 


io 


8 


2 


irf = 


NOP 




No operation 







































4 


1 




El 




Enable interrupt 


1 





1 


1 





1 





















4 


1 




Dl 




Disable interrupt 


1 





1 


1 1 





1 





















4 


1 




HLT 




Halt 





1 





1 

















1 


1 


1 





1 


1 


11 


2 





Notes: 

(1 ) In the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte instruction: 11 states 4-byte instruction: 14 states 



(2) B2 (Data): rpa2 = D + byte, H + byte. 

(3) Right side of slash (/) in states indicates case rpa2, 
rpa3 = D + byte, H. + A, H + B, H + EA, H + byte. 

(4) B3 (Data): rpa3 = D + byte, H + byte 



rl 

8 



NEC 

NEC Electronics Inc. 



A/PD78PG11 

HIGH-END, 8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTER 

WITH PIGGYBACK EPROM 



Description 

The NEC //PD78PG1 1 is a prototyping device used to 
emulate the masked-ROM //PD7811. The user can 
insert a standard EPROM (2732A or 2764) into the 
terminals on top of the //PD78PG1 1 . The program will 
be executed from the EPROM just as it would be 
executed from the masked-ROM on the//PD7811. 

Features 

□ NMOS silicon gate technology requiring +5V power 
supply 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 4K-EPROM (via piggyback socket) 

— 256-byte RAM 

□ 44 I/O lines 

□ Two zero-cross detect inputs 

□ Two 8-bit timers 

□ Multifunction 16-bit timer/event counter 

□ Expansion capabilities 

— 8085A bus-compatible 

— 60K-byte external memory address range 

□ 8-channel, 8-bit A/D converter 

— Autoscan mode 

— Channel select mode 

□ Full duplex USART 

— Synchronous and asynchronous 

□ 153 instruction set 

— 16-bit arithmetic, multiply, and divide 

□ Vs instruction cycle time (12MHz operation) 

□ Prioritized interrupt structure 

— 2 external 

— 9 internal 

□ Standby function 

□ On-chip clock generator 

Ordering Information 



Part 
Number 



Package Type 



Max Frequency 
of Operation 



//PD78PG11E 64-pin ceramic piggyback QUIP 12MHz 



Pin Configuration 












PA c 


1 




\J 


64 


=> v cc 


«, i 


2 






63 


■ V DD 


PA 2 c 


3 




iPD78PG11 


62 


=> PD 7 










61 


== PD 6 


PA 4 t= 


5 






60 


= PD 5 


PA 5 c= 


B 






59 


=3 PD 4 


PA 6 c 


7 




>._' 1 


58 


=a PD 3 


PA 7 ■ 


R 


v cc 


1 28 'Vcc 


57 


= : > PD 2 


PB„ c 


9 


Vs* 


2 27 


Vcc 


56 


= PD, 


PB, ■ 

PB 2 c 


10 
11 


A 7 


3 U 26 


Vcc 


55 
54 


= PD 
= PF 7 


PB 3l== 


12 


A 6 


4 25 


A„ 


53 


=> PF 6 


PB„ c 


13 


Ac 


5 24 


Aj 


52 


=3 PF 5 


PB 5 i 

PB 6 c 


14 
15 


A 4 


6 23 


A,, 


51 
50 


= PF 4 

= PF 3 


PB 7 i 


16 


a t 


7 22 




49 


= PF 2 


PC c 


17 


A. 


8 21 




48 


= PF, 




18 








47 


=1 PF 


PC 2 = 


19 


A, 


9 20 


Cb 


46 


=3 ALE 


PC 3 c 


?0 


An 


10 19 


n 


45 


^= WR 


PC 4 c 
PC,, 


21 
?? 


D 


11 18 


D 6 


44 
43 


= RD 
= AV CC 


PC 6 = 


23 


L>1 


12 17 


u s 


42 


=> v AREF 




24 


D„ 


13 16 


0, 


41 


=3 AN 7 


NMI C 


25 


V S s 


14 15 


D 3 


40 


=3 AN 6 


INT1 1 

MODE1 C 


26 
27 


39 
38 


=3 AN 5 
=3 AN 4 






RESET c= 


28 






37 =D AN 3 


MODEO = 29 






36 


=J AN 2 


X 2 C= 


30 






35 


■ AN, 


X, c 


31 






34 =3 AN 


Vss = 


32 






33 


= AV SS 
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Terminal Identification (Note 1 ) 





Pin 






No. 


Symbol 


Function 


I 


Vcc 




Provides V PP pin of M PD2764 with 5V. 


2 


Vss 




Maintains OV on A )2 address pin of mPD2764 
forcing all instruction fetches from lower 4K of 
EPROM. 


3 - 10, 21 
23-25 


Ao- 


An 


Address Bus. Outputs lower order 12 bits of the 
program counter which will be used as an EPROM 
address signal. 


11 - 13, 
15- 19 


Dq- 


D? 


Data Bus. Inputs data read from EPROM. 


14 


Vss 




Connects to the GNO terminal of EPROM. 


20 


CE 




Chip Enable. Outputs an EPROM chip enable signal. 


22 


Vss 




Ties EPROM OE signal to V ss . 


26 


Vcc 




Provides juPD2732A with + 5V V cc power supply. 


27 


Vcc 




Maintains +5V on PGM pin of /liP02764. 


28 


Vcc 




Provides ^PD2764 with + 5V V C c power supply. 



Note: 

(1) Connections from//PD78PG11 to EPROM. 
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Pin Identification 



Pin 



No. Symbol 



30-31 



Function 



Port A: (Three-state input/output) 8-bit pro- 
grammable I/O port Each line independently 
programmable as an input or output. Reset places 
all lines of Port A in input mode. 



1-8 PA -PA 7 



Port B: (Three-state input/output) 8-bit pro- 
grammable I/O port. Each line independently 
programmable as an input or output. Reset places 
all lines of Port B in input mode. 



9-16 PB -PB 7 



Port C: (Three-state input/output) 8-bit 
programmable I/O port. Each line independently 
programmable as an input or output Alternatively. 
Port C may be used as control lines for USART 
and timer. Reset puts Port C in port mode and all 
lines in input mode. 



17-24 PC0-PC7 



17 PC 



Transmit Data (T x D): Serial data output terminal. 



18 PC, 



Receive Data (R x D): Serial data input terminal. 



19 PC 2 



Serial Clock (SCK): Serial clock input/output 
terminal. When internal clock is used, the output 
can be selected: when an external clock is used, 
the input can be selected. 



Timer Input (Tl)/interrupt request input (INT2): 
Timer clock input terminal; can also be used as 
falling edge, maskable-interrupt input terminal and 
AC input zero-cross detection terminal. 



20 PC 3 



Timer Output (TO): This output signal is a square 
wave whose frequency is determined by the 
timer/counter. 



21 PC 4 



Counter Input (CI): External pulse input terminal to 
the timer/event counter. 



22 PC S 



Counter Outputs 0, 1 (C0 — CO,): Programmable 
23, 24 PCg PC7 rectangular wave output terminal based on 
timer/event counter. 



25 NMI 



Falling-edge, nonmaskable interrupt (NMI) input. 



A rising-edge, maskable interrupt input 
26 INT1 Alternatively, can be used for a zero-cross 

detection AC input 



Used as input in conjunction with MODEO to select 
appropriate memory expansion mode. Also outputs 
M1 signal during each opcode fetch. 

(Input, active low), RESET initializes the 
M PD78PG11. 



27 M0DE1 



28 RESET 



Used as input in conjunction with M0DE1 to select 
appropriate memory expansion mode. Also used to 
output 10/M. 



29 MODEO 



*2.X, 
(crystal) 



A crystal connection terminal for system clock 
oscillation. When an external clock is supplied X, 
is the input. 



32 V ss 



Power supply ground potential. 



33 AV SS 



A/D converter power supply ground potential. Sets 
conversion range lower limit. 





Pin 




No. 


Symbol 


Function 


34-41 


AN0-AN7 


Eight analog inputs to the A/D converter. AN7— 
AN 4 can also be used as a digital input port for 
falling edge detection. 


42 


Varef 


Reference voltage for A/D converter. Sets 
conversion range upper limit 


43 


AVcc 


Power supply voltage for A/D converter. 


44 


RD 


(Three-state output active low) RD is used as a 
strobe to gate data from external devices onto the 
data bus. RO goes high during Reset 


45 


WR 


(Three-state output active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signaljor external memory or I/O 
write operations. WR goes high during Reset. 


46 


ALE 


The strobe signal is for latching the address signal 
to the output from PD 7 — PD when accessing 
external expansion memory. 



47-54 PF0-PF7 



Port F: (Three-state input/output) 8-bit pro- 
grammable I/O port. Each line configurable 
independently as an input or output Address Bus: 
When external expansion memory is used, 
multiplexed address/data bus can be selected. 

Port D: 8-bit programmable I/O port. This byte can 
be designated as either input or output. Address 
55—62 PDo— PD 7 Bus: When external expansion memory is used, 
multiplexed address/data bus can be selected. 



63 



»DD 



Backup power terminal for on-chip RAM. 



64 



"cc 



+ 5V power supply. 



Notes: 1 clock cycle = 1 CL = 3/f. 

1 machine cycle = 3 or 4 clock cycles. 

1 instruction cycle = 1 to 19 machine cycles. 

f: System clock frequency (MHz). 
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Block Diagram 



PC,/TxD ( 
PC,/RxD ( 
PCj/SCK ( 



NMI < 
INT1 i 



PC 3 /TI/INT2 
PC,/TO 



PC 5 /CI 
PC 6 /C0 
PC 7 /C0, 



AN 7 -AN 8 



Timer/Event 
Counter 




A/D 
Converter 




Latch | | Latch | 








16 




I! 




16 



| psw I 




Inst. 
Decoder 



Read/Write 
Control 


System 
Control 


Standby 
Control 



* A 



o_ o_ 00 o o 000 

RD WR ALE M0DE1 MODEO RESET V DD V cc V, 




8 ) PA 7 -PA 
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Absolute Maximum Ratings 

T A = 25°C 



Power Supply Voltage 
Vcc- % av cc 


-0.5V to + 7.0V 


Input Voltage, V ( 


-0.5V to + 7.0V 


Output Voltage, V 


-0.5V to +7.0V 


Reference Input Voltage. V AREF 


-0.5V to +V CC 


Operating Temperature, T 0RP 


10IVIHz<fxTAL£l2MHz 


-10°Cto+70°C 


f XTAL <10MHz 


-40° C to + 85°C 


Storage Temperature, T STG 


-65°Cto + 150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Operating Conditions 



Oscillator Frequency 


T fl 


"cc, * v cc 


10MHz <f X TAL^2MHz 


-10°Cto+70°C 


+ 5.0V ± 5% 


f XTAL <10MHz 


-40°Cto +85°C 


± 5.0V + 10% 


Capacitance 

T A = 25°C,V CC = V DD 


= v ss = ov 






Limits 




Parameter Symbol 


Min Typ Max Unit Test Conditions 



Capacitance 



10 pF 



Output 
Capacitance 



20 pF 



1/0 
Capacitance 



Cio 



20 pF 



All Af c = 1MHz 
Unmeasured 
pin returned 
to 0V. 



DC Characteristics 

T A = -10 °C to +70 °C; V cc = -5.0 V ±5%; V SS = V; 
V CC -0.8V<V DD <V CC 





Limits 


Parameter Symbol 


Min Typ Max Unit Test Conditions 


Input Low y 
Voltage IL 


0.8 V 



V,m 2.0 

Input High 

Voltage V| H2 0.8V cc 



Vcc 

Vcc 
Vcc 



All exc ept SCK, 
v RESET and X, 

V SCK, X, 

V RESET 



Output Low 
Voltage 


Vol 






0.45 


V 


l 0L = 2.0mA 


Output High 
Voltage 


Vqh 


2.4 






V 


I oh = -200mA 


Input Current 


li 






±200 


jLtA 


INT1, Tl IPC3); 
+ 0.45V<V, N 
<V C c 


Input Leakage 
Current 


lu 






±10 


juA 


All except INT1, 
TKPC3I 0V < V m 

^v cc 


Output 

Leakage 

Current 


■lo 






±10 


juA 


+ 0.45V<V <V CC 


V DD Supply 
Current 


'do 




1.5 


3.5 


mA 


T A = -40°Cto 
+ 85°C 


V C c Supply 
Current 


•cc 




140 1 


250 


mA 


T A = -40°Cto 
+ 85°C 


Note: 1 . T A = 25 °C; V cc = V DD = +5.0 V 

Zero-cross Characteristics 




Symbol 




Limits 




Unit 




Parameter 


Min 


Typ 


Max 


Test Conditions 


Zero-cross 

Detection 

Input 


Vzx 


1 




3 


VACp., 


> AC Coupled 


Zero-cross 
Accuracy 


Azx 






±135 


mV 


60Hz Sine Wave 


Zero-cross 
Detection 
Input 
Frequency 


»a 


0.06 




1 


kHz 
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Serial Operation 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

__ . MS SCK 

SCK Cycle 500 ™" Input ■•* 

Time UK ^.- 

2 ms SCK Output 

400 ns ISR 

fCK Width 20 Q ■-• Input i.» 

900 ns SCK Output 

~ 400 ns SCK 

SCK Width 200 ns Input !■' 

High KKH -^ 

900 ns SCK Output 

RxD Set-up 

Time to SCK f l RXK 80 ns Note 1 

RxD Hold 

|| e t A,ter t KRS 80 ns Notel 

SCK|TxD 

Delay Time 'ktx 210 ns Note 1 

Notes: 1. 1x Baud rate in Asynchronous, Synchronous, or I/O 
interface mode. 
2. 16x Baud rate or 64x Baud rate in Asynchronous mode. 

A/D Converter Characteristics 

T A = -10 o Cto+70 o C;V cc = AV cc = +5.0V±5%;V ss = AV S s = 0V; 
AV C c-0.5V<V AREF <AV GC 

Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 

Resolution 8 Bits 



0.4% T A = -10°Cto 

Absolute ±V4 "-SB +59=0 

ACCUraCy 0.6% '""" T A = -10°C to Note 

±V2 LSB +70°C 1 

„ fi , 83ns<t CYC 

Conversion iJ ' t ' 'cyc <H0ns 

Time t C0N v „„„;. 

.„ , 110ns<t CYC 

Ui 'cyc < 170ns 

83ns<t CY c 
Sampling 96 'cyc <H0ns 

Time hm? „ n : 

„ , 110ns<t CY c 

" 'cyc < 170ns 

Analog Input 

Via Varef V 

Note: 1. In case of f XTAL < 10 MHz, T A = -40°C to +85°C. 



Bus Timing Depending on tcyc 



Symbol 


Calculating Expression 


Min/Max 


W 


60T 


Min 


«T 


6T 


Min 


«C|2 


6T 


Min 


«C|3 


48T 


Min 


t|P 


36T 


Min 


t*L 


2T - 100 


Min 


Ila 


T - 30 


Min 


Ur 


3T - 100 


Min 


1 ad 


7T-220 


Max 


'lor 


5T - 200 


Max 


l R0 


4T - 150 


Max 


»LH 


T - 50 


Min 


tRL 


2T-50 


Min 




4T - 50 (Data Read) 




l RR 


7T - 50 (Opcode Fetch) 


Min 


tu. 


2T-40 


Min 


'aw 


3T - 100 


Min 


•low 


T+ 110 


Max 


*LW 


T-50 


Min 


l DW 


4T - 100 


Min 


l WDH 


2T - 70 


Min 


l WL 


2T-50 


Min 


'ww 


4T-50 


Min 


l CYK 


12T (SCK Input) 1 
24T (SCK Output) 


Min 




6T - 100 (SCK Input) 1 




l KKL 


12T - 100 (SCK Output) 


Min 


•kkh 


6T- 100 (SCK Input) 1 


Min 




12T - 100 (SCK Output) 






Notes: 1. 1x Baud rate in Asynchronous, Synchronous, or I/O 
interface mode. T = t CYC = 1 fxTAL- Tne items not included in 
this list are independent of oscillator frequency (f X TAiJ- 

2. Event Counter mode. 

3. Pulse Width Measurement mode. 
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AC Characteristics 

T A = 10°C to +70 °C; V cc = 


+5.0 V ±5%; V ss ■ = 


= OV;V CC - 


-0.8V<V DD <V CC 








Read/Write Operation 








Limits 




Unit 






fXTAL= 


10 MHz 


*XTAL = 


12 MHz 


Test 
Conditions 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


1 


Reset Pulse 
Width 


Irp 


6.0 




5.0 




/US 




Interrupt Pulse 
Width 


tip 


3.6 




3.0 




MS 




Counter Input 


t C |2 


600 




500 




ns 




Pulse Width 


tci 3 


4.8 




4.0 




JUS 




Timer Input , 
Pulse Width 


t T l 


600 




500 




ns 




Xi Input Cycle Time 


l CYC 


100 




83 




ns 




Address Set-Up to 
ALE t 


t/u. 


100 




65 




ns 




Address Hold after 
ALE t 


tLA 


70 




50 




ns 




Address to RD i 
Delay Time 


t A R 


200 




150 




ns 




RD ) to Address 
Floating 


l AFR 




20 




20 


ns 




Address to Data 
Input 


l AD 




480 




360 


ns 




ALE i to Data Input 


l lOR 




300 




215 


ns 




RD l to Data Input 


l RD 




250 




180 


ns 




ALE i to RD I 
Delay Time 


t L R 


50 




35 




ns 




Data Hold Time 
to RD t 


l RDH 












ns 




RD t to ALE t 
Delay Time 


tRL 


150 




115 




ns 




RD Width Low 




350 




280 




ns 


Data Read 


>RR 


650 




530 




ns 


Opcode Fetch 


ALE Width High 


III 


160 




125 




ns 




Address to WR 
i Delay 


l AW 


200 




150 




ns 




ALE i to Data 
Output 


kow 




210 




195 


ns 




WR i to Data 
Output 


*WD 


130 




100 




ns 




ALE l to WR 
i Delay 


l LW 


50 




35 




ns 




Data Set-up Time 
to WR t 


tow 


300 




230 




ns 




Data Hold Time 
to WR t 


IWDH 


130 




95 




ns 




WR t to ALE t 
Delay Time 


*WL 


150 




115 




ns 




WR Width Low 


tww 


350 




280 




ns 





Notes: 1. Load Capacitance: C L = 150 pF. 2. Event counter mode. 3. Pulse width measurement mode. 
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Timing Waveforms 

Read Operation 



AB 15 -AB, — y V 

(PF 7 -PF„) — A /l. 



D -D 7 ) (////A7 ADDR -APDR 7 ^ i- 



J 



ADDR 8 -ADDR F 



:cdc 



\ =n 



- ( } . , Data-in 



£ 



2Z8C 



=f 



Wr/fe Operation 



x ' _y 


vJ 


T, 


l T 2 




| T 3 l 




AB 15 -AB, y 


) 






ADDR,-ADDR F 




X X 








■■ Ildw 








D 7 -D — V — 


) 


AD0R„-ADDR 7 


CD 


Data-out 


CJ< 




t .1 










r 


« LL 




■■ ^WD 




ALE__/ 


1 


' 




# 






t 


f 


in. 


WR 




! 


if 


49-0001 81 A 


-lw 















Opcode Fetch Operation 



AB 15 -AB, 
(PF 7 -PF„) 



DC3[ 



AD 7 -AD 
(PD 7 -PD„) 



J= 



ADDR,-AODR F 



;cdc 



addr -addr 7 ; i ( 



"^ 



^ 



V 



Transmit/Receive Timing 
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Remarks 

1. sr— sr4 (special register) 



PA 

PB 

PC 

PD 

PF 

MA 

MB 

MC 

MCC 

MF 

MM 

TM 

TM, 

TMM 

ETM„ 

ETM, 



= Port A 

= Port B 

= PortC 

= Port D 

= Port F 

= Mode A 

= Mode B 

= Mode C 

= Mode Control C 

- Mode F 

= Memory Mapping 

= Timer Register 

= Timer Register 1 

= Timer Mode 

= Timer Event 

Counter Register 
= Timer Event 

Counter Register 1 



ECNT = Timer/Event 

Counter Upcounter 
ECPT = Timer/Event 

Counter Capture 
ETMM = Timer/Event 

Counter Mode 
EOM = Timer/Event 

Counter Output Mode 
ANM = A/D Channel Mode 



CR n 


= A/D Conversion 


to 
CR 3 


Results 0—3 


TxB 


= TxBuffer 


RxB 


= Rx Buffer 


SMH 


= Serial Mode High 


SML 


= Serial Mode Low 


MKH 


= Mask High 


MKL 


= Mask Low 



2. rp— rp3 (register pair) 



SP 

B 

D 



= Stack Pointer 
= BC 
= OE 



H 
V 
EA 



HL 
VA 
Extended Accumulator 



3. rpa— rpa3 (rp addressing) 



B 


= (BC) 


D 


= IDE) 


H 


= |HL) 


D+ 


= (DE)+ 


H+ 


= (HL)+ 


D- 


= IDEJ- 


H- 


= (HL)- 



D++ 

H+ + 

D+byte 

H+A 

H+B 

H+EA 

H+ byte 



|DE)++ 

IHL)++ 

(DE+byte) 

(HL+A) 

(HL+B) 

(HL+EA) 

(HL + byte) 



4. (flag) 



5. irf (interrupt flag) 



FNMI 

FTO 

FT1 

F1 

F2 

FEO 

FE1 

FEIN 

FAD 



= INTFNMI 
= INTFTO 
= INTFT1 
= INTF1 
= INTF2 
= INTFEO 
= INTFE1 
= INTFEIN 
= INTFAD 



FSR 


= INTFSR 


FST 


= INTFST 


ER 


= Error 


OV 


= Overflow 


AN 4 


= Analog Input 4—7 


to 




AN 4 




SB 


= Standby 



Instruction Set Symbol Definitions 


Symbol 


Description 


- 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


-v- 


Exclusive OR 


- 


Complement 


• 


Concatenation 



CY = Carry 



HC = Half Carry 



Z = Zero 



Instruction Groups 



8-bit Data Transfer 




mic 


Operand 




Opcode 




atei 


Operation 


Skip 


Mnemc 


B1 


B2 


B3 B4 St 


Condition 






rl, A 


00011T2T,T 






4 


(r1)~(A) 






A, rl 


00001T 2 T,T 






4 


(AF(rl) 




MOV 


* 


sr, A 


01001101 


110S 4 S3S2S,So 




10 


(srHA) 




* 


A, srl 


01001100 


HS5S4S3S2S1S0 




10 


(A)Hsr1) 








r, word 


01110000 


01101R 2 R 1 R 


Low Addr High Addr 


17 


(r)-(word) 






word, r 


01110000 


01111R 2 R,R 


Low Addr High Addr 


17 


(word)-(r) 




MVI 


* 


r, byte 


01101R 2 R,R 


Data 




7 


(r)— byte 

String skip, when r = 


AorL 






sr2, byte 


01100100 


S 3 0000S 2 S 1 S 


Data 


14 


(sr2)— byte 




MVIW 


* 


wa, byte 


01110001 


Offset 


Data 


13 


((V), (wa))-byte 




MVIX 


* 


rpal, byte 


OlOOlOAjAo 


Data 




10 


(rpal)— byte 




STAW 


* 


wa 


01100011 


Offset 




10 


llV)(wa))-A 
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Instruction Groups (cont) 


8-Bit Data Transfer (cont) 




nic 


Operand 




Opcode 


State 1 


Operation 


Skip 


Mnemo 


B1 


B2 B3 B4 


Condition 


LDAW 


* 


wa 


00000001 


Offset 


10 


(AMM. (w)) 




STAX 


* 


rpa2 


AsOlllA^Ao 


Data 2 


7/13 3 


(rpa2HA) 




LDAX 


* 


rpa2 


A 3 0101A 2 A,A 


Data 2 


7/13 3 


(A)-((rpa2)) 




EXX 






00010001 




8 


(B)-(B'), (C)~(C), (D)-(D'I 
(E)-(E'), (H)-(H'), (L)-(L') 




EXA 






00010000 




8 


(V)-(V'), (A)-(A'), (EA)-(EA') 




EXH 






01010000 




8 


IH)-(H'), (L)-IL') 




16-bit Data Transfer 


BLOCK 






00110001 




13 
(C + 1| 


((DE)H|HL)),(DE)-(DE1+), 
(HLH(HL) + 1, (CHC) - 1 
End if borrow 





DM0V 



rp3, EA 


101101P,P 




4 


(rp3JHEAL), (rp3 H )-(EAH) 


EA, rp3 


101001P t P 




4 


(EALHrp3 L ). (EAHHrp3 H ) 


sr3, EA 


01001000 


1101001 u 


14 


(sr3H|EA) 



EA, sr4 | 



I10000V,V 



14 (EAJ— (sr4) 



SBCD 


word 


01110000 


00011110 


Low Addr 


High Addr 


20 


(wordHC), I(word) + 1) -(B) 


SDEO 


word 




00101110 






20 


(wordHE), ((word) + 1) -(D) 


SHLD 


word 




00111110 






20 


(wordHL), ((word) + 1) -(H) 


SSPD 


word 


1 


' 


00001110 


' 


' 1 


' 


20 


(word)-(SP J, ((word + 1) - 
(SPh) 


STEAX 


rpa3 


01001000 


1001C3C2C]C 


Data 4 




14/20 3 


((rpa3)HEAL), ((rpa3) + 1)- 
(EAH) 


LBCD 


word 


01110000 


00011111 


Low Addr 


High Addr 


20 


(C)-(word), (B)-(lword) + 1) 


LBCD 


word 




00101111 






20 


(E)-(word), (D)-l(word) + 1) 


LHLD 


word 




00111111 






20 


(LHword), (H)H(word) + H 


LSPD 


word 


' 


' 


00001111 


' 


' 


1 


20 


(SPJ-(word), (SP H )-((word) 
+ D 


LDEAX 


rpa3 


01001000 


1000C3C 2 C 1 Cq 


Data 4 




14/20 3 


|EAL)~((rpa3)), (EAH)-((rpa3) + 1) 


PUSH 


rpl 


10110Q2Q100 








13 


((SP)-1Hrp1 H )((SP)-2)- 
(rplJ(SP)-(SP) -2 


POP 


rpl 


IOIOOQzOiOo 








10 


(rplL)H(SP)),(rp1 H H(SP!+ 1) 
(SP)-(SP) + 2) 


LXI 


k rp2, word 


OP^PqOIOO 




Low Byte 


High Byte 


10 


(rp2)-(word) 

String skip when rp2 = H 


8-bit Aritmetic (Register) 


TABLE 




01001000 


10101000 






17 


|C)-((PC) + 3 + (A)) 
BH(PC) + .3 + (A) + 1) 




A, r 


01100000 


11000R 2 R,R 






8 


(A)-(A) + (r) 


ADD 


r, A 






01000R 2 R 1 Ro 






8 


(rHU + (A) 




A, r 






1101QR 2 R,R 






8 


(A)-(A) + (r) + (CY) 


ADC 


r, A 


' 


f 


01010R 2 R]Ro 






8 


lr)-(r) + (A) + (CY) 



E 
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Instruction Groups (cont) 


8-Bit Arithmetic (Register) (cont) 




Operand 




Opcode 


State 


1 Operation 


Skip 


Mnemonic 


B1 


B2 B3 B4 


Condition 




A, r 


01100000 


10100R 2 R,R 


8 


(AHA) + (r) 


No Carry 


ADDNC 


r, A 






00100R 2 RiR 


8 


IrHrl +■ (A) 


No Carry 




A, r 






11100R 2 R,R 


8 


IA)-(A) - (r) 




SUB 


r, A 






01100R 2 R,R 


8 


IrHr) -(A) 






A, r 






11110R 2 R 1 R 


8 


(AHA) - |r) - (CY) 




SBB 


r. A 






01110R 2 R,Ro 


8 


(r)-lr) - (A) - (CY) 






A, r 






10110R 2 R,R 


8 


(AHA)-lr) 


No Borrow 


SUBNB 


r, A 






00110R 2 R,R 


8 


Ir)-lr)-(A) 


No Borrow 




A,r 






10001 R 2 R,R 


8 


(AHA) A (r) 




ANA 


r, A 


1 


' 


00001 R 2 R,R 


8 


(rMr) A IA) 






A, r 


01100000 


10011R 2 R,R 


8 


(A)-(A)V(r)) 




ORA 


r, A 






00011R 2 RiR 


8 


(rHr)V(A) 






A,r 






10010R 2 R,R 


8 


(A)-lA)V(r)) 




XRA 


r, A 






00010R 2 R,R 


8 


(r)-lrmA) 






A, r 






10101 R 2 R,R 


8 


(A) - (r) - 1 


No Borrow 


GTA 


r,A 






00101 R 2 R,R 


8 


(r) - IA) - 1 


No Borrow 




A, r 






10111R 2 R,R 


8 


(A) - (r) 


Borrow 


LTA 


r.A 






00111R 2 R,Ro 


8 


(r) - (A) 


Borrow 




A, r 






11101R 2 R,R 


8 


(A) - (r) 


No Zero 


NEA 


r, A 






01101R 2 R,R 


8 


(r)-(A) 


No Zero 




A. r 






IHIIRj-R^O 


8 


(A)-(r) 


Zero 


EQA 


r, A 






01111R 2 R,Ro 


8 


(r) - (A) 


Zero 


ONA 


A. r 


1 


' 


IIOOIR2R1R0 


8 


(A)A(r) 


No Zero 


OFFA 


A, r 


01100000 


11011R 2 RiRo 


8 


(A)A(r) 


Zero 


8-bit Arithmetic (Memory) 


ADDX 


rpa 


01110000 


11000A 2 A,Ao 


11 


(AHA) + ((rpa)) 




ADCX 


rpa 






noiOA2A|A 


11 


(AHA) + (irpa)) + (CY) 




ADDNCX 


rpa 






IOIOOA^Aq 


11 


IA)-(A) + ((rpa)) 


No Carry 


SUBX 


rpa 






iiiooa^^o 


11 


(A)-(A) - ((rpa)) 




SBBX 


rpa 






11110A Z A,A 


11 


(AHA) - ((rpa)) - (CY) 




SUBNBX 


rpa 






10110A 2 A 1 A 


11 


(A)-(A) - ((rpa)) 


No Borrow 


ANAX 


rpa 






10001A 2 A,A 


11 


(AHA) - (Irpa)) 




ORAX 


rpa 






IOOIIA^Aq 


11 


(AHA)V((rpa)) 




XRAX 


rpa 






10010A 2 A,A 


11 


(AHAM(rpa)) 




GTAX 


rpa 






10101A 2 A,A 


11 


(A) - ((rpa)) - 1 


No Borrow 


LTAX 


rpa 






10111A 2 A,A 


11 


(A) - ((rpa)) 


Borrow 


NEAX 


rpa 






11101A 2 A,A 


11 


(A) - ((rpa)) 


No Zero 


EQAX 


rpa 






11111A 2 A,A 


11 


(A) - (irpa)) 


Zero 


ONAX 


rpa 






IIOOIA^^o 


11 


(AH(rpa)) 


No Zero 


OFFAX 


rpa 


1 


1 


11011A z A,Ao 


11 


(AH(rpa)) 


Zero 
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Instruction Groups (cont) 


Immediate Data 




inic 


Operand 




Opcode 






1 Operation 


Skip 


Mnemc 


B1 


B2 


B3 B4 


1 State 


Condition 




* 


A, byte 


01000110 


— Data— 




7 


(A)-(A) + byte 




AOI 




r, byte 


01110100 


01000R 2 R]Ro 


Data 


11 


(r)-(r) + byte 






srZ, byte 


0110 1 


S 3 1000S 2 S 1 S 


1 


20 


(sr2)-(sr2) + byte 






* 


A, byte 


01010110 


-Data- 




7 


(A)-(A) + byte + (CY) 




ACi 




r, byte 


01110100 


01010R 2 R]R 


Data 


11 


(r)-[r) + byte + (CY) 






sr2, byte 


0110 1 


S3IOIOS2S1S0 


1 


20 


(sr2)-(sr2) + byte + (CY) 






* 


A, byte 


00100110 


— Data— 




7 


(A)-(A) + byte 


No Carry 


ADINC 




r, byte 


01110100 


00100R 2 R,R 


Data 


11 


(r)-(r) + byte 


No Carry 




sr2, byte 


0110 t 


S 3 0100S 2 S 1 S 


1 


20 


(sr2)-(sr2) + byte 


No Carry 




* 


A, byte 


01100110 


— Data— 




7 


(A)~|A) - byte 




SUI 




r, byte 


01110100 


01100R 2 RiR 


Data 


11 


(r)-(r) - byte 






sr2, byte 


0110 1 


S 3 1100S 2 SiSo 


1 


20 


(sr2)-(sr2) - byte 






* 


A, byte 


01110110 


— Data— 




7 


(AHA) - byte - (CY) 




SBI 




r, byte 


01110100 


01110R 2 R,Ro 


Data 


11 


(r)-(r) - byte - (CY) 






sr2, byte 


0110 J 


S 3 1110S2S t S 


i 


20 


(sr2)-(sr2) - byte - (CY) 






* 


A, byte 


00110110 


— Data— 




7 


(A)-(A) - byte 


No Borrow 


SUINB 




r, byte 


01110100 


00110R 2 R,R 


Data 


11 


(r)-(r) - byte 


No Borrow 




sr2, byte 


0110 l 


S3OIIOS2S1S0 


J 


20 


(sr2)-(sr2) - byte 


No Borrow 




* 


A, byte 


00000111 


— Data— 




7 


(AJ-(A)Abyte 




ANI 




r, byte 


01110100 


OOOOIR2R1R0 


Data 


11 


(r)-(r)Abyte 






sr2, byte 


01100100 


S 3 0001S z SiS 


1 


20 


(sr2)-(sr2)Abyte 






* 


A, byte 


00010111 


— Data— 




7 


(AHA)Vbyte 




ORI 




r, byte 


01110100 


00011 R 2 R,R 


Data 


11 


(r)-(r)Vbyte 






sr2, byte 


0110 l 


S3OOIIS2S1S0 


1 


20 


(sr2)-(sr2)Vbyte 






* 


A, byte 


00010110 


— Data— 




7 


(A)-(A)Vbyte 




XRI 




r, byte 


01110100 


00010R 2 R]R 


Data 


11 


(r)-(r)Vbyte 






sr2, byte 


0110 1 


S30010S 2 S t S 


1 


20 


(sr2)-(sr2)Vbyte 






* 


A, byte 


00100111 


— Data— 




7 


(A) - byte - 1 


No Borrow 


GTI 




r, byte 


01110100 


00101 R 2 R,R 


Data 


11 


(r) - byte - 1 


No Borrow 




sr2, byte 


0110 l 


S 3 0101S 2 S 1 S 


1 


14 


(sr5) - byte - 1 


No Borrow 




* 


A, byte 


00110111 


— Data— 




7 


(A) - byte 


Borrow 


LTI 




r, byte 


01110100 


00111R 2 RiRo 


Data 


11 


(r) - byte 


Borrow 




sr2, byte 


0110 l 


SaOIIISaS^o 


1 


14 


(sr5) - byte 


Borrow 




* 


A, byte 


01100111 


— Data— 




7 


(A) - byte 


No Zero 


NEI 




r. byte 


01110100 


OIIOIR2R1R0 


Data 


11 


(r) - byte 


No Zero 




sr2, byte 


0110 1 


Saiiois^iSo 


1 


14 


(sr5) - byte 


No Zero 




* 


A, byte 


01110111 


— Data— 




7 


(A) - byte 


Zero 


EQJ 




r, byte 


01110100 


01111R 2 R,Ro 


Data 


11 


(r) - byte 


Zero 




sr2, byte 


0110 l 


SsllllS^iSo 


1 


14 


(sr5) - byte 


Zero 



E 
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Instruction Groups (cont) 


Immediate Data (cont) 




lie 


Operand 




Opcode 




Operation 




Skip 
Condition 


Mnemoi 


B1 


B2 


B3 B4 


State 1 




* 


A, byte 


01000111 


-Data- 




7 


(A)Abyte 




No Zero 


ONI 




r, byte 


01110100 


01001 R 2 R 1 R 


Data 


11 


(r)Abyte 




No Zero 




sr2, byte 


0110 1 


S 3 1001S 2 S 1 S 


i 


14 


(sr5)Abyte 




No Zero 




* 


A, byte 


01010111 


-Data- 




7 


(A)Abyte 




Zero 


OFFI 




r, byte 


01110100 


01011R 2 R,R 


Data 


11 


(r)Abyte 




Zero 




sr2, byte 


0110 1 


S 3 1011S;>S,S 


i 


14 


(sr5)Abyte 




Zero 


Working Register 


ADDW 




wa 


01110100 


11000000 


Offset 


14 


IA)-IA) + (|V). (wa)) 






ADCW 




wa 




1101 




14 


(A)-(A)+((V).(wa)) 


MCY) 




ADDNCW 




wa 




1010 




14 


(A)-IA)+ ((V).(wa)) 




No Carry 


SUBW 




wa 




1110 




14 


IA1-IA) - (IV). (wa)) 






SBBW 




wa 




1111 




14 


IA)-(A) - ((V)-(wa)) - 


-ICY) 




SUBNBW 




wa 




1011 




14 


(A)-(A) - ((V). (wa)) 




No Borrow 


ANAW 




wa 




10001000 




14 


(A)-lA)A[(V).(wa)) 






ORAW 




wa 


1 


' 


1001 l 


1 


' 


14 


lA)-(A)V((V).(wa)) 






XRAW 




wa 


01110100 


10010000 


Offset 


14 


(A)-lAMV)-(wa)) 






GTAW 




wa 




10101000 




14 


(A) - ((V).(wa)) - 1 




No Borrow 


LTAW 




wa 




1011 




14 


(A) - KV).(wa)) 




Borrow 


NEAW 




wa 




1110 




14 


(A) - l(VHwa)) 




No Zero 


EQAW 




wa 




1111 




14 


(A) - (IVJ-lwa)) 




Zero 


ONAW 




wa 




1100 




14 


lA)A(lV).(wa)) 




No Zero 


OFFAW 




wa 


1 


' 


1101 


1 


' 


14 


(A)A((V).(wa)) 




Zero 


ANIW 


* 


wa, byte 


00000101 


—Offset— 


Data 


19 


HV).(wa))-l(V).(wa))Abyte 




ORIW 


* 


wa, byte 


0001 








19 


((V)'(wa))-((V).(wa))Vbyte 




GTIW 


* 


wa, byte 


0010 








13 


l(V).(wa)) - byte - 1 




No Borrow 


LTIW 


* 


wa, byte 


0011 








13 


(IV)-lwa)) -byte 




Borrow 


NEIW 


* 


wa, byte 


0110 








13 


((V)'(wa)) - byte 




No Zero 


EQIW 


* 


wa, byte 


0111 








13 


((V)-lwa)) - byte 




Zero 


ONIW 


* 


wa, byte 


0100 








13 


((V)>(wa))Abyte 




No Zero 


OFFIW 


* 


wa. byte 


0101 i 


1 


' 


' 


13 


l(V).(wa))Abyte 




Zero 


16-bit Arithmetic 


EADD 




EA. r2 


01110000 


010000R]R 




11 


(EA)-(EA) + (r2) 






DADD 




EA, rp3 


0100 


110001P,P 




11 


(EA)-(EA) + lrp3) 






DADC 




EA, rp3 




1101 






11 


(EA)-(EA) + (rp3) + 


(CY) 




DADDNC 




EA, rp3 


1 


1010 - 


r 




11 


(EA)-(EA) + lrp3) 




No Carry 


ESUB 




EA, r2 


0000 


011000R,R 




11 


(EA)-(EA) - lr2) 






DSUB 




EA, rp3 


01110100 


111001P,P 




11 


(EA)-(EA) - lrp3) 






DSBB 




EA, rp3 




1111 






11 


lEA)-(EA) - (rp3) - (CY) 




DSUBNB 




EA, rp3 




1011 ' 


f 




11 


IEA1-IEA) - (rp3) 




No Borrow 


DAN 




EA. rp3 


1 


' 


100011P,P 




11 


(EA)-(EA) - lrp3) 
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Instruction Groups (cont) 


16-Bit Arithmetic (cont) 




Operand 




Opcode 




State 


1 Operation 


Skip 


Mnemonic 


B1 


B2 




B3 B4 


Condition 


DOR 


EA, rp3 


01110100 


10011 1P,P 








(EAHEA)V[rp3) 




OXR 


EA, 


rp3 






100101 P,P 








(EAHEA)V(rp3) 




DGT 


EA, 


rp3 






101011P,P 








(EA) - (rp3) - 1 


No Borrow 


DLT 


EA, 


rp3 




1011 










(EA) - |rp3) 


Borrow 


DNE 


EA, 


rp3 




1110 










(EA) - (rp3) 


No Zero 


DEQ 


EA, 


rp3 




1111 










(EA) - (rp3) 


Zero 


DON 


EA, 


rp3 




1100 










(EA)A(rp3) 


No Zero 


DOFF 


EA, 


rp3 


1 


1101 ' 


' 








(EA)A(rp3) 


Zero 


Multiply/Divide 


MUL 


r2 




01001000 


001011R,R 






32 


(EA)-(A) x (r2) 




DIV 


r2 




1 


0011 i 






59 


(EAH(EA) + (r2), 
(r2)-Remainder 




Increment/Decrement 


INR 


r2 




010000R,R 








4 


|r2) - (r2) + 1 


Carry 


INRW 


wa 




00100000 


—Offset— 






16 


((V). (wa))-((V). (wa)) + 1 


Carry 




rp 




00P,P 0010 








7 


(rp)-(rp) + 1 




INX 


EA 




10101000 








7 


(EAHEA) + 1 




DCR 


r2 




010100R,R 








4 


(r2F(r2) - 1 


Borrow 


DCRW * 


wa 




00110000 


-Offset- 






16 


((V), (wa))-((V), (wa)) - 1 


Borrow 




rp 




OOP,P 0011 








7 


(rp)-(rp) - 1 




OCX 


EA 




10101001 








7 


(EA)HEA) - 1 




Others 


DAA 






01100001 








4 


Decimal Adjust Accumulator 




STC 






01001000 


00101011 






8 


(CYM 




CLC 






I 


00101010 






8 


(CY)-O 




NEGA 






1 


00111010 






8 


(A)-(A) + 1 




Rotate and Shift 


RLD 






01001000 


00111000 






17 


Rotate Left Digit 




RRD 








i 1001 






17 


Rotate Right Digit 




RLL 


r2 




01001000 


001101R,R 






8 


(r2 M + 1 Hr2 M ),(r2 )-(CY), 
(CYMr2 7 ) 




RLR 


r2 








i 00R,R 






8 


(r2 M + 1 Hr2 M ),(r2 7 MCY), 
(CY)-(r2 ) 




SLL 


r2 








001001 R,R 






8 


(r2 M + 1 Hr2„),(r2 )-0, 
(CY)-(r2 7 ) 




SLR 


r2 








J 0OR]R o 






8 


(r2 M .,Hr2 M ),(r2 7 )-0, 
(CY)Hr2 ) 




SLLC 


r2 








000001 R t R 






8 


(r2 M + 1 Hr2 M ),[r2o)-0, 
(CY)-(r2 7 ) 


Carry 


SLRC 


r2 






? 


i 00R,R 






8 


(r2 M .,)• (r2 M ), (r2 7 )-0. 
(CY)-(r2 ) 


Carry 
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Instruction Groups (cont) 


Rotate and Shift (cont) 




Operand 




Opcode 


State 


1 Operation 


Skip 


Mnemonic 


B1 


B2 B3 B4 


Condition 


ORLL 


EA 


0100 


000 


10110100 


8 


IEAn^HEAnUEAqI-ICY), 
ICY)-(EA, 5 ) 




DRLR 


EA 






l 0000 


8 


(EA N .,HEA N ),(EA, 5 )-(CY), 
ICY)-(EA ) 




DSLL 


EA 






10100100 


8 


|EA N + O-IEAnUEAqI-O, 
|CY)-(EA, 5 ) 




DSLR 


EA 


1 


r 


l 0000 


8 


(EAn^HEAnUEAuI-O 




Jump 


JMP 


word 


01010100 


-Low Addr- High Addr 


10 


(PC)-word 




JB 




00100001 




4 


(PC„)-(B), (PC L )-(C) 




JR 


word 


11 -jdisp 1- 




10 


(PC)-(PC) + 1 + jdisp 1 




JRE 


word 


0100111- 


jdisp- 


10 


(PC)-(PC) + 2 + jdisp 




JEA 




01001000 


00101000 


8 


(PC)-EA 




Call 


CALL 


word 


01000000 


-Low Addr- High Addr 


16 


((SP) - D-KPC) + % 
((SP) - 2) -((PC) + 3) b 
(PC)-word, (SP)-ISP) - 2 




CALB 




01001000 


00101001 


17 


(ISP) - I)-(IPC) + 2) H , 
(ISP) - 2)-((PC) + 2) L , 
(PC H )-IB), (SP)-(SP) - 2 




CALF * 


word 


01111- 


fa- 


13 


(ISP) - I)-(IPC) + 2) H , 
((SP) - 2)-((PC) + 2) L , 
lPC, 5 .n)-00001, 
(PC 10 .o)-fa, (SP)-(SP) - 2 




CALT 


word 


100-ta- 




16 


((SP) - l)-l(PC) + % 
(ISP) - 2)-((PC) + 1) L 
IPCJ-1128 + 2ta), (PCh) - 
(129 + 2ta), ISPJ-ISP) - 2 




SOFTI 




01110010 




16 


((SP) - l)-(PSW), ((SP) - 2)- 
l(PC) + D H . l(SP) - 3)-(lPC) 
+ 1) L , IPC)-0060H, (SP)- 
(SP) - 3 




Return 


RET 




10111000 




10 


IPC)-((SP)),IPCh)-IISP)+ 1) 
(SP)-(SP) + 2 




RETS 




i 1001 




10 


(PCJ-[[SP)),(PC„)-tlSP)+ 1) 
(SP)-ISP) + 2, (PC)— (PC) + n 




RETI 




01100010 




13 


(PCJ-(ISP)), (PC„)-USP) + 1) 
(PSW)-(ISP) + 2), ISP)-(SP) 
+ 3 


Uncondi- 
tional Skip 


Skip 


BIT 


bit, wa 


oiohb^Bq 


— Offset— 


10 


Bit Test 


l(V), (wa)) 
bit = 1 


CPU Control 


SK 


f 


01001000 


0001F 2 F 1 F 


8 


Skip if 1 = 1 


f= 1 


SKN f 


r 


0001 i 


8 


Skip ill - 


f= 


SKIT 


irf 






010l 4 l 3 l2l,lo 


8 


Skip if irf = 1. then reset Irf 


irf = 1 
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Instruction Groups (cont) 


CPU Control (cont) 




Operand 




Opcode 






State 1 


Operation 


Skip 


Mnemonic 


BT 


B2 




B3 


B4 


Condition 


SKNIT 


irf 


01001000 


OHI4I3I2I1I0 








8 


Skip if irf = 
Reset irf, if irf = 1 


irf= 1 


NOP 




00000000 










4 


No Operation 




El 




10101010 










4 


Enable Interrupt 




Dl 




10111010 










4 


Disable Interrupt 




HLT 




01001000 


00111011 








11 


Halt 





Notes: * 1 :ln the case of skip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 
2-byte instruction: 8 states 3-byte instruction (with *): 10 states 
3-byte instruction: 11 states 4-byte instruction (with *): 14 states 

* 2 : B2 (Data):rpa2 = D + byte. H + byte. 

* 3 : Right side of slash (/) in states indicate case rpa2, rpa3 = D + byte, H + A, H + B, H + EA, H + byte. 

* 4 : B3 (Data): rpa3 = D + byte, H + byte. 



Emulating the yuPD 7811 

To emulate the//PD781 1 : tie MODEO to ground and pull 
up MODE1 through a 10-kQ resistor; insert a 2732A or 
2764 into the upper terminals of the yt/PD78PG1 1 . If a 
2732 is used it should be inserted so that pin 1 of the 
2732A goes into terminal 3 (see pin configuration). If a 
2764 is used, address line A12 will be held low so that 
only memory locations 0-OFFFH (the lower 4K bytes) 
of the 2764 will be accessed. This simulates accessing 
4K bytes of masked-ROM in the//PD7811. In other 
respects //PD78PG11 is functionally equivalent to 
//PD7811. 

Input/Output 

8 Analog Input Lines 

44 Digital I/O Lines: five 8-bit ports (Port A, Port B, Port 

C, Port D, Port F) and 4 input lines (AN4-AN7) 

1. Analog Input Lines 

AN0-AN7 are configured as analog input lines for 
on-chip A/D converter. 

2. Port Operation 

—Port A, Port B, Port C, Port F 
Each line of these ports can be individually pro- 
grammed as an input or as an output. When used 
as I/O ports, all have latched outputs, high-imped- 
ance inputs. 

—Port D 
Port D can be programmed as a byte input or a 
byte output. 

— AN4-AN7 
The high-order analog input lines, AN4-AN7 can 
be used as digital input lines for falling edge 
detection. 



3. Control Lines 

Under software control, each line of Port C can be 
configured individually to provide control lines for 
serial interface, timer, and timer/event counter. 

4. Memory Expansion 

In addition to the single-chip operation mode, 
//PD78PG1 1 has 4 memory expansion modes. Under 
software control, Port D can provide multiplexed 
low-order address and data bus and Port F can 
provide high-order address bus. The relation 
between memory expansion modes and the pin 
configurations of Port D and Port F is shown in the 
table that follows. 



E 



Memory 
Expansion 


Port Configuration 




PortD 


1/0 Port 




Port F 


1/0 Port 


256 Bytes 


PortD 


Multiplexed Address/Data Bus 


Port F 


1/0 Port 




PortD 


Multiplexed Address/Data Bus 


4K Bytes 


Port F — F 3 


Address Bus 




Port F 4 — F 7 


1/0 Port 




PortD 


Multiplexed Address/Data Bus 


16K Bytes 


Port F — F 5 


Address Bus 




Port F 6 — F 7 


1/0 Port 


60K Bytes 


PortD 


Multiplexed Address/Data Bus 


Port F 


Address Bus 
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Memory Map 

The ji/PD78PG1 1 can directly address up to 64K bytes 
of memory. Except for the EPROM (0-4,095) and RAM 
(65,280-65,535), any memory location can be used as 
ROM or RAM. The following memory map defines the 
0-64K-byte memory space for the //PD78PG1 1 . 



Memory Map 





-* 


Internal ROM , 
4,096Bytesx8 -. 







Reset/Standby Release 




4 
8 

\ 10H 

~ \ 18H 

\ 20H 

\ 28H 




^ 


IRQO 








IRQ1 


OFFFH 




100OH 




External 

Memory ., 
61,184Bytesx8 - 




IRQ 2 






' 


IRQ 3 








IRQ 4 


FEFFH 




FF00H 


Internal RAM 
256Bytesx8 




IRQ 5 
















\ 60H 


Soft INT 








\ Call Table - 


80H 
81H 
82H 
83H 

/ 

BEH 

BFH 

_COH 


Low ADDR 




High ADDR 




Low ADDR 




High ADDR 








Low ADDR 




High ADDR 




User's Area 


X 
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Timers 

The timer/event counter consists of two 8-bit timers. 
The timers may be programmed independently or may 
be cascaded and used as a 16-bit timer. The timer can 
be set in software to increment at intervals of 4 machine 
cycles ("Ijus at 12MHz operation) or 128 machine cycles 
(32/us at 12MHz), or to increment on receipt of a pulse 
at T1. 



Timer/Event Counter 

The 16-bit multifunctional timer/event counter can be 
used for the following operations: 

□ Interval timer 

□ External event timer 

□ Frequency measurement 

□ Pulse width measurement 

□ Programmable square-wave output 



Timer Block Diagram 



-H> 



8-bit 
Upcounter 



s 



Comparator 



ZI 



Timer 
Register 



L____1 T J 



8-bit 
Upcounter 



2 



Comparator 




-f-^* — Opc/i 



Timer/Event 
Counter 



. Serial 
Interface 



INTT, 



E 
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Block Diagram for Timer/Event Counter 



\ Internal Bus \ 



Timer/Event Counter 
Capture Register 



PCs/CIO" 



77 



Timer/Event 
Counter Upcounter 



\± 



Comparator 



7S 



Timer/Event 
Counter Register 1 



n 



Timer/Event 
Counter Register 



71 



CL = 3/f [2S0 ns; 12 MHz operation], 
f: System clock frequency [MHz]. 



Output 
Control 




PC/CO, 



CP, 



- INTEO 
-INTE1 
►INTEIN 



8-Bit A/D Converter 

□ 8 input channels 

□ 4 conversion result registers 

□ 2 powerful operation modes 
— Autoscan mode 

— Channel select mode 

□ Successive approximation technique 

□ Absolute accuracy: ±1.5 LSB (±0.6%) 

□ Conversion range: 0V to 5V 

□ Conversion time: 50jus 

□ Interrupt generation 

Analog/Digital Converter 

The//PD78PG11 features an 8-bit, high-speed, high- 
accuracy A/D converter. The A/D converter consists of 
a 256-resistor ladder and a successive approximation 
register (SAP.). There are four conversion result re- 
gisters (CR0-CR3). The 8-channel analog input may be 
operated in either of two modes. In the select mode, the 
conversion value of one analog input is sequentially 
stored in CR0-CR3. In the scan mode, the upper four 



channels or the lower four channels may be specified. 
Then those four channels will be consecutively selected 
and the conversion results stored sequentially in the 
four conversion result registers. 



A/D Converter Block Diagram 



AV ss o- 




N 4 C 



^ 4> ^ ^ 
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Interrupt Structure 

There are 11 interrupt sources. Three are external 
interrupts and 8 are internal. These 11 interrupt sources 
are divided into 6 priority levels as shown in the table 
below. 



Interrupt Interrupt 
Request 



Type of Interrupt 



IRQO 



IRQ1 



INTTO 
INTT1 



(Coincidence signal from 
timer 0) 

(Coincidence signal from 
timer 1) 



IRQ2 



INT1 
INT2 



(Maskable interrupt) 
(Maskable interrupt) 



IRQ3 



24 



INTEO 
INTE1 



(Coincidence signal from 
timer/event counter) 
(Coincidence signal from 
timer/event counter) 



IRQ4 



32 



INTEIN 
INTAD 



(Falling signal of CI and 
TO counter) 

(A/D converter interrupt) 



IRQ5 



40 



INTSR 
INST 



(Serial receive interrupt) 
(Serial send interrupt) 



INTTO - 
INTT1- 
INT1 C 
INT2< 
INTEO - 
INTE1 - 
INTEIN - 
INTAD - 
INTSR - 
INTST- 

oy- 



AN 7 -AN 4 CIp 



=T3 



n 



Mask 
Register 



=> 



In/Ext 



NMI (Nonmaskable interrupt) External 



Internal 



External 



Internal 



In/External 



Internal 



Interrupt Structure Block Diagram 





SOFT1 






Enable [H 




ei— IsqM 


Dl — J R | 


IRQO-IRQ5 




) 


Int 
Addr. 


=> 




V 
SOFT1 — - 



Standby Function 

The //PD78PG1 1 offers a standby function that allows 
the user to save up to 32 bytes of RAM with backup 
power (Vdd) if the main power (Vcc) f ails - On powerup 
the //PD78PG11 checks whether recovery was made 
from standby mode or from cold start. 



Universal Serial Interface 

The serial interface can operate in any of three modes: 
synchronous, asynchronous, and I/O interface. The 
I/O interface mode transfers data MSB first for ease of 
communication with certain peripheral devices. Syn- 
chronous and asynchronous modes transfer data LSB 
first. Synchronous operation offers two modes of data 
reception. In the search mode, data is transferred one 
bit at a time from serial register to receive buffer. This 
allows a software search for a sync character. In the 
nonsearch mode, data transfer from serial register to 
transmit buffer occurs 8 bits at a time. 

Universal Serial Interface Block Diagram 



C 



21 



PC 1 /RxD ( 



H 



li 



3 



Serial Register 
(S-P) 



H 



Serial Register 
(P-.S) 



"I -ER 

J -SR 

Interrupt 



n 



Transfer | •■ ST 
Control | Interrupt 



PCj/SCK O- 



SKj, SK, 



•o-<f- 




Zero-crossing Detector 

The INT1 and INT2 terminals (used common to Tl and 
PC3) can be used to detect the zero-crossing point of 
slow moving AC signals. When driven directly, these 
pins respond as a normal digital input. 

To utilize the zero-cross detection mode, an AC signal 
of approximately 1— 3V AC peak-to-peak magnitude 
and a maximum frequency of 1kHz is coupled through 
an external capacitor to these pins. 

For the INT1 pin, the internal digital state is sensed as 
a zero until the rising edge crosses the DC average 
level, when it becomes a one and INT1 interrupt is 
generated. 



For the INT2 pin, the state is sensed as a one until the 
falling edge crosses the DC average level, when it 
becomes a zero and INT2 interrupt is generated. 

The zero-cross detection capability allows the user to 
make the 50-60Hz power signal the basis for system 
timing and to control voltage phase sensitive devices. 
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Zero-Crossing Detection Circuit 


Operand Format/Description 


I INT1 
.. C llNT2(PC3) 

-hi p— i 

i i 
i 

! 

I 
I 
l 


p >— 


->— 


Format 

r 

r1 
r2 


Description 

V, A, B, C, D, E, H, L 
EAH, EAL, B, C, D, E, H. L 
A, B, C 






sr 

srl 

sr2 
sr3 
sr4 


PA, PB, PC, PD. PF, MKH, MKL, ANM, SMH, SML, EOM, ETMM, 
TMM, MM, MCC, MA, MB, MC MF, TxB, TM , TM, 
PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RxB, 
CRq, GRj, CR2. CR3 


h» n 




k° 




83-003835A 


PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM 
ETM , ETMi 








ECNT, ECPT 




rp 
rpl 
rp2 
rp3 


SP, B, D, H 
V, B, D, H, EA 
SP, B, 0, H, EA 
B, D, H 




rpa 
rpal 
rpa2 
rpa3 


B, D, H, D + , H+, D-, H- 

B, D, H 

B, D, H, D+, H+, D-, H-. 0+byte, H+A , H+B, H+EA, H+byte 

0, H, D+, H++, D+byte, H+A, H+B, H+EA, H+byte 




wa 


8-bit immediate data 




word 
byte 
bit 


16-bit immediate data 
8-bit immediate data 
3-bit immediate data 




f 


CY, HC, Z 




irf 


FNMI, FTO, FT1, F1. F2, FEO. FE1, FEIN, FAD, FSR, FST, ER, OV, 
AN 4 , AN 5 , AN 6 , AN 7 , SB 
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//PD78310/312 

8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS, 

REAL-TIME CONTROL ORIENTED 



Description 

The ,uPD78310 and yuPD78312 microcomputers are 
designed for use in process control. They perform all 
the usual process control functions and are particularly 
well-suited for driving dc motors in servo loops and 
stepping motors. The processor includes on-chip 
memory, timers, input/output registers, and a powerful 
interrupt handling facility. The //PD78310/312 is 
constructed of high-speed CMOS circuitry and 
operates from a +5 V power supply. 

The input frequency (maximum 12 MHz) is derived 
from an external crystal or an external oscillator. The 
internal processor clock is two-phase, and thus 
machine states are executed at a rate of 6 MHz. The 
shortest instructions require three states, making the 
minimum time 500 ns. The CPU contains a three-byte 
instruction prefetch queue which allows a subsequent 
instruction to be fetched during execution of an 
instruction that does not reference memory. 

Program memory is 8K bytes of mask-programmable 
ROM G«PD78312 only), and data memory is 256 bytes 
of static RAM. The //PD78310 is the ROM-less version. 

Note: /*PD78P312, available in 3Q86, is a prototyping chip for 
//PD78312. It has an on-chip 8K EPROM instead of a 
mask ROM. 

Features 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 8K ROM (//PD78312 only) 

— 256 bytes RAM 

— 1-bit and 8-bit logic 

□ Instruction prefetch queue 

□ 16-bit unsigned multiply and divide 

□ String instructions 

□ Memory expansion 

□ — 8085A bus-compatible 

— Total 64K address space 

□ Large I/O capacity 

— Up to 32 I/O port lines 

□ Extensive timer/counter system 

— Two 16-bit up/down counters 

— Two 16-bit timers 

— Free running counter with two 16-bit capture 
registers 

— Pulse-width modulated outputs 

— Timebase counter 

□ Four-channel 8-bit A/D converter 

□ Two 4-bit real-time output ports 

□ Two nonmaskable interrupts 

□ Eight hardware priority interrupt levels 



□ Macro service facility for interrupts 

— Gives the effect of 8 DMA channels 

□ Bidirectional serial port 

— Either UART or interface mode 

— Dedicated baud rate generator 

□ Watchdog timer 

□ Refresh output for pseudostatic RAM 

□ Programmable HALT and STOP modes 

□ One-byte call instruction 

□ On-chip clock generator 

D CMOS silicon gate technology 

□ +5 V power supply 

Pin Configurations 

64-Pin DIP and QUIP 



POoC 
POi C 
po 2 C 
po 3 C 
PO4C 
po 5 C 
po 6 C 
P07C 
PioC 
P11 H 
PI2C 
PI3C 
P14 C 
PisC 

P16 C 

PI7C 

P20/NMI C 

P2-I/INTE0 C 

P22/INTE1 [I 

P23/INTE2 C 

P2VTXD C 

P2 5 /RxD C 

P2 6 /SCK C 

P2 7 /CTS C 

RFSH C 

P3 /CI0 C 

P31/CTRL0 C 

P32/CI1 C 

P33/CTRL1 C 

X1C 

X2C 

VssC 



HVdd 
3 P47/AD7 

3 P4 6 /AD6 
3 P45/AD5 
3 P44/AD4 

3 P43/AD3 

UP42/AD2 

3 P41/AD1 

3 P4 /ADo 

3 ALE 

3WR 

3RD 

3 RESET 

3EA 

3 P57/A15 

3 P56/A-I4 

3 P55/A13 

3 P5 4 /A 12 

3 PS3/A11 

3 P52/A10 

3 P51/A 9 

3 P5o/A 8 

3 P3 7 /CLR1/T01 

3 P3 6 /CLR0/TO0 

3 P3 5 /PWM1 

3 P34/PWMO 

HAVss 

3 AVref 

Dan 3 

3AN 2 
DAN1 
HANo 



E 
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Pin Configurations (cont) 

64-Pln Mlniflat 



Pin Identification (cont) 



a □ a a a o 
<<<<<< 

> a a. a. a. a. a. 

nnnnnnnnnnnn 



a. a. a a. 




51 H P4-|/ADi 

D P«0/AD 

H ALE 
48 3 WR 

U RESET 
45 U EA 

3 P57/A15 

3 P56/A14 
42 D P5 5 /Ai3 

3 P54/A12 

D P5 3 /A11 

3 P5 2 /A 10 

H P51/A 9 

D P5 /A 8 
36 3 P3 7 /CLR1/T01 

3 P3 6 /CLR0/TO0 

3 P3 5 /PWM1 
33 3 P3VPWM0 



Ordering Information 



Part Number 


Max Frequency 
Package Type of Operation 


//PD78310CW 
A/PD78312CW 


64-pin plastic shrink DIP 


12 MHz 


//PD78310G-36 
//PD78312G-36 
//PD78P312G-36 


64-pin plastic QUIP 


12 MHz 


//PD783106-1B 
//PD78312G-1B 


64-pin plastic miniflat 


12 MHz 


//PD78310L 

/iPD78312L 


68-pin PLCC 


12 MHz 


Pin Identification 


Symbol 


Function 




PO0-PO7 


I/O port 




PI0-PI7 


I/O port 1 




P2 /NMI 


Nonmaskable interrupt input 




rcyvcy mm 1 l.u-ii)i 1 \-c 


Mn»l, n kln in+Arrunt inrtntf 




P2 4 /TxD 


I/O port 2/Serial transmit output 




P2 5 /RxD 


I/O port 2/Serial transmit output 




P2 6 /SCK 


I/O port 2/Serial clock output 





Symbol 


Function 


P2 7 /CTS 


I/O port 2/Clear to send input 


RFSH 


Refresh output 


P3 /CIO 


Up/down counter input 


P3T/CTRL0 


Up/down counter control input 


P3 2 /CI1 


Up/down counter 1 input 


P3 3 /CTRL1 


Up/down counter 1 control input 


X1 


External crystal/External clock input 


X2 


External crystal 


Vss 


Power return 


ANq-AN 3 


A/D converter inputs 


AVref 


A/D reference voltage 


AV SS 


Analog ground 


P3 4 /PWM0 


I/O port 3/Pulse width modulated output 


P3 5 /PWM1 


I/O port 3/Pulse width modulated output 1 


P3 6 /CLR0/TO0 


I/O port 3/Counter clear input/Timer output 


P3 7 /CLR1/T01 


I/O port3/Counter 1 clear input/Timer 1 output 


P5 -P5 7 /A 8 -A 15 


I/O port 5/High address byte output 


EA 


External access control input 


RESET 


External reset input 


RD 


Read strobe output 


WR 


Write strobe output 


ALE 


Address latch enable output 


P4o-P4 7 /ADo-AD 7 


I/O port 4/External address/Data bus 


Vdd 


Power supply 



Pin Functions 

PO0-PO7 [Port 0] 

Port consists of 8 bits, individually programmable for 
input/output or two 4-bit real-time (timer controlled) 
output ports. 

P1 -Pl7[Port1] 

Port 1 consists of 8 bits, individually programmable for 
input/output. 

P2 /NMI 

Port P2 is dedicated to NM I, the nonmaskable external 
interrupt request. 

P2 1 -P2 3 /INTE0-INTE2 

Ports P2i-P2 3 are dedicated to INTEO, INTE1, and 
INTE2, the maskable external interrupt requests. 
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P2 4 /TxD 

P24 is an I/O port bit or the transmitted serial data 
output. 

P2 5 /RxD 

P2 5 is an I/O port bit or the received serial data input. 



P2e/SCK 

P2q is an I/O port bit or the serial shift clock output. 

P2 7 /CTS 

P2 7 is an I/O port bit or clear-to-send input (external 
serial transmission control) in the asynchronous 
communication mode. In the serial I/O interface mode, 
it becomes the serial receive clock I/O pin.' 



RFSH 



RFSH is the refresh pulse output to be used for external 
pseudostatic DRAM. 

P3 /CI0 

Port P3o is dedicated to CIO, the external count input 
for up/down counter 0. 

P3VCTRL0 

Port P3-| is dedicated to CTRLO, the external control 
input for up/down counter 0. 

P3 2 /CI1 

Port P32 is dedicated to CM, the external count input 
for up/down counter 1. 

P3 3 /CTRL1 

Port P33 is dedicated to CTRL1, the external control 
input for up/down counter 1. 

X1 

X1 is the external oscillator input or one of the 
connections for an external crystal. It is used to 
generate the system clock. The system clock frequency 
is half the input frequency. 

X2 

X2 is the second connection for an external crystal. 

Vss 

Vss is the power supply return, normally ground. 



AN0-AN3 

AN0-AN3 are the four program 
channels for the A/D converter. 



selectable input 



AVref 

AVref is the reference voltage input for the A/D 
converter. 

AV SS 

AVss is the analog ground pin. 

P3 4 /PWM0 

P34 is an I/O port bit or the pulse-width modulated 
output 0. 

P3 5 /PWM1 

P35 is an I/O port bit or the pulse-width modulated 
output 1. 

P3 6 /CLR0/TO0 

P3 6 is an I/O port bit, or the clear input for up/down 
counter 0, or the timer flip-flop output. 

P3 7 /CLR1/T01 

P37 is an I/O port bit, or the clear input for up/down 
counter 1 , or the timer 1 flip-flop output. 

P5 -P5 7 /A 8 -Ai5 [Port 5] 

Port 5 consists of 8 bits, individually programmable for 
input or output, or the high-order address bits for 
external memory. Under control of the memory mask 
register, bits P5o-P53 are used for 4K memory ex- 
pansion, bits P5q-P55 are used for 16K memory ex- 
pansion, or bits P5o-P57 are used for 56K memory 
expansion. 

EA [External Access] 

On //PD78312, a low on EA enables use of external 
memory in place of on-chip ROM. The EA pin must be 
lowon/uPD78310. 



E 



RESET 



This pin is used for the external reset input. A low level 
sets all registers to their specified reset values. 

RD 

RD is the read strobe output. It is to be used by external 
memory (or data registers) to place data on the I/O bus 
during a read operation. 
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WR 

WR is the write strobe output. It is to be used by 
external memory (or data registers) to latch data from 
the I/O bus during a write operation. 

ALE 

ALE is the address latch enable. It is to be used by 
external circuitry to latch the low-order 8 address bits 
during the first part of a read or write cycle. 



P4o-P4 7 /ADo-AD 7 [Port 4] 

Port 4 consists of 8 bits, programmable as a unit for 
input or output, or as the multiplexed address/data bus 
if external memory or external interface circuitry is 
used. The port is controlled by the memory mapping 
register. 



VDD 

Vqd is the positive power supply input. 



Block Diagram 



P2 /NMI 
P2 1 /INTE0 
P2 2 /INTE1 
P2 3 /INTE2 



P2 4 /TxD 
P2 5 /RxD 
P2 6 /SCK 
P2 7 /CTS 



P3 /CI0 . 

PS^CTRLO ■ 

P3 2 /CI1 ■ 

P3 3 /CTRL1 • 

P3 6 /CLR0/TO0 ' 

P3 7 /CLR1/T01 ' 
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P3 5 /PWM1 ♦- 



av R ef ■ 
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AVss- 
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Six 8-Bit Input/Output Ports 
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All Others Shared 



P3 6 /CLR0/TO0 P3 7 /CLR1/T01 
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Functional Description 

On-chip features designed to facilitate process control 
include two 1 6-bit timers, two 1 6-bit up/down counters, 
two pulse-width modulated outputs, a free-running 
counter with two capture registers, two 4-bit real-time 
(timer controlled) output ports, an 8-bit A/D converter 
with 4 input channels, a timebase counter to generate 
widely spaced interrupts, and a watchdog timer to 
guard against infinite program loops. 

In addition there is a serial I/O port which can be used 
in either an interface mode or an asynchronous 
communication mode. HALT and STOP modes are 
provided to conserve power at times when the action of 
the CPU is not required. 

All I/O, timer, and control registers are defined as 
special function registers and assigned addresses in 
the top 256 bytes of memory. The special function 
registers may be operated on directly by many of the 
arithmetic, logic, and move instructions of the CPU. 
Table 2 at the end of the Functional Description 
describes the registers. 

Addressing 

The//PD78310/312 features 1-byte addressing of the 
special function registers and 1-byte addressing of the 
internal RAM. There are nine modes of addressing 
main memory, including autoincrement, autodecre- 
ment, indexing, and double indexing. There are 8- and 
16-bit immediate operands. 

External Memory 

External memory (figure 1) is supported by I/O port 4, 
an 8-bit multiplexed address/data bus. The memory 
mapping register controls the size of external memory 
as well as the number of additional wait states. High- 
order address bits are taken from I/O port 5 as 
required. No bits are required for 256 bytes of external 
memory; bits P5o-P53 are used for 4K bytes, P5 -P5 5 
for 16K bytes, and P5o-P57 for 56K bytes. Any remaining 
port 5 bits are available for I/O. 

Refresh 

The//PD78310/31 2 has a refresh signal for use with the 
pseudostatic RAM. The refresh cycle can be set to one 
of four intervals ranging from 2.67 to 21.3 //s. The 
refresh is timed to follow a read or write operation so 
that the CPU does not have to wait. 



General Registers 

The CPU has 16 8-bit registers (figure 2) that can also 
be used in pairs to function as 16-bit registers. A 
complete set of 16 general registers is mapped into 
each of 8 program-selectable register banks, stored in 
RAM. Three bits in the PSW specify which of the 
register banks is active at any given time. Each register 
bank has two program-selectable accumulators. 
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Figure 2. Register Designation and Storage 









RSS = 1 RSS = 






Register Bank 
7 








A [R1] .! X [RO] 
AX [RPO] 




/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


R1 l RO 
RPO 




6 


B [R3] ! C [R2] 
BC [RP1] 


R3 ! R2 
RP1 


5 


R5 I R4 
RP2 


A [R5] i X [R4] 
AX [RP2] 


4 


R7 l R6 
RP3 


B (R7] ! C [R6J 
BC [RP3] 


3 


VPh [R9] ! VPl [R8] 
VP [RP4] 


/ 
/ 






2 


/ 
/ 
/ 
/ 
/ 
/ 
1 

FEFFH 


UPh [R11] I UPl [R10] 
UP [RP5] 


1 


D [R13] i E[R12] 
DE [RP6] 





H [R15] ! L [R14] 
HL [RP7] 




83-0038 


MA 



4-179 



//PD78310/312 



NEC 



Program Status Word 

Following is the program status word format. 
15 8 






RB 2 


RB-| 


RB 








IE 





7 

















S 


Z 


RSS 


AC 


UF 


P/V 


SUB 


CY 



RB 2 -RB 


Active register bank number 


IE 


Interrupt enable 


S 


Sign (1 if last result was negative) 


Z 


Zero (1 if last result was zero) 


RSS 


Register set select 


AC 


Auxiliary carry (carry out of 3 bit) 


UF 


User flag 


P/V 


Parity or arithmetic overflow 


SUB 


Subtract (1 if last operation was 




subtract) 


CY 


Carry 


Input/Output 



All ports may be used for either latched output or high- 
impedance input. All ports except port 4 are bit- 
programmable for input or output. Port is used for 
real-time or normal I/O. Port 1 is used for normal I/O. 
The low nibble of ports 2 and 3 is always used for 
control and the high nibble for control or normal I/O. 
Port 4 is used for the external address/data bus or 
byte-programmable I/O. Port 5 is used for the high bits 
of the external address or for normal I/O. 

Real-Time Output Port 

The real-time output port shares pins with I/O port 0. 
The high and low nibbles are treated separately or 
together. Data is transferred from a buffer to the port 
latches on either a timer or software command. 

Serial Port 

The serial port can operate in UART or interface mode 
with the baud rate and byte format under program 
control. The serial port also includes a dedicated baud 
rate generator. 

Pulse-Width Modulated Outputs 

The two independent pulse-width modulated outputs 
are controlled by two 16-bit modulus registers and 
counters. There are four programmable repetition 
rates ranging from 91 .6 Hz to 23.4 kHz. Figure 3 shows 
one of these outputs. 



Figure 3. Pulse-Width Modulated Output 
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Timers 

The//PD7831 0/31 2 has two 1 6-bit timers. The inputs to 
these timers may be the internal clock divided by 6 or 
by 128. Each timer has an associated modulus register 
to store the timer count. The timer counts down to zero, 
sets a flag, reloads from the modulus register, and then 
counts down again. The timer flags can be used under 
program control to generate interrupt requests and/or 
a square-wave output. TMO also functions optionally 
as two one-shot timers. 

Figure 4 is a diagram of the interval timers. 

There is a free-running counter that counts the internal 
clock divided by 4 or by 16. The counter has two 16-bit 
capture registers. Capture is triggerd by an external 
interrupt request or by the up/down counter clock. 

The timebase counter generates a signal at one of four 
intervals ranging from 1 70//S to 1 75 ms. The signal can 
be used to generate an interrupt request and/or an 
up/down counter capture. 

Up/Down Counters 

The/yPD78310/312 has two 16-bit up/down counters, 
each of which has two capture/compare registers. 
There are three modes of operation: compare and 
interrupt, capture on external command, and capture 
on timebase counter command. There are five sources 
of counts: the internal clock divided by 3, the external 
clock, external independent up and down inputs, 
external clock with direction control, and external clock 
with automatic up/down discrimination. Figure 5 shows 
an up/down counter. 
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Figure 4. Timer Block Diagram 
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Standby Modes 

HALT and STOP modes conserve power when CPU 
action is not required. In HALT mode, the CPU stops 
and the clock continues to run. Maskable interrupts 
can restart the CPU. 

In STO P mode, the CPU and clock are both stopped. A 
RESET pulse or the nonmaskable external interrupt is 
required to restart them. 

There is also the option of slowing the system clock by 
a factor of four. The standby control register controls 
the standby modes and is a protected location written 
to only by a special instruction. 



Watchdog Timer 

The watchdog timer protects agains inadvertent 
program loops. A nonmaskable interrupt occurs if the 
timer is not reset before a timeout occurs. There are 
four program-selectable intervals ranging from —5.5 
ms to 349.3 ms. The watchdog timer can be disabled by 
software. The watchdog timer mode register controls 
the watchdog timer and is a protected location written 
to by a special instruction. 

A/D Converter 

The A/D converter has four input channels and can 
operate in either scan or select mode. The A/D 
converter performs 8-bit successive approximation 
conversions, has a 30-//S conversion time, and is 
triggered either internally or externally. The A/D 
converter includes an on-chip sample and hold amplifier. 
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Figure 5. Up/Down Counter Block Diagram 
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Interrupts 

There are two nonmaskable interrupt sources: the 
external nonmaskable interrupt and the watchdog 
timer. Their relative priorities are software selectable. 

There are eight hardware priority interrupt levels, level 
having the highest priority and level 7 the lowest. The 
fifteen maskable interrupt sources (table 1 ) are divided 
into five groups, and each group can, under program 
control, be assigned to any one of the priority levels. 

Interrupts may be serviced by routines entered either 
by vectoring or by context switching. Context switching 
automatically saves all the general registers, the 
program status word, and the program counter. Figure 
6 illustrates the mechanism of context switching. 

Finally, there is an optional macro service function 
that transfers data between any one special function 
register and memory without program intervention. 



Macro Service 

The macro service controller can be programmed to 
perform word or byte transfers. It can transfer data 
from a special function register to memory or from 
memory to a special function register. Transfer events 
are triggered by interrupt requests and take place 
without software intervention. 

There are eight macro service channels; channel 
control information is stored in RAM. This information 
(figure 7) consists of a 16-bit memory address 
(optionally incremented at each transfer), an 8-bit 
special function register designator, and an 8-bit 
transfer counter (decremented at each transfer.) When 
the count equals 0, a context switch or vectored 
interrupt occurs. 
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Table 1. Interrupt Sources and Vector Addresses 


Default Priority Source 


Interrupt Service 


Macro Service 


Vector 


Nonmaskable interrupts — BRK 

- NMI 

- WDT 


Break instruction 

External nonmaskable interrupt 

Watchdog timer 


No 
No 
No 


003EH 
0002H 
000AH 



Maskable interrupts 





CRFOO 


Up/down counter 




1 


CRF01 


Up/down counter 




2 


CRF10 


Up/down counter 




3 


CRF11 


Up/down counter 



RESET 



External reset line 



Yes 


001 AH 


No 


001 CH 


Yes 


001 EH 


No 


0020H 



4 
5 
6 


EXIF0 
EXIF1 
EXIF2 


External interrupt 
External interrupt 1 
External interrupt 2 


Yes 
Yes 
Yes 


0004H 
0006H 
0008H 


7 
8 
9 


TIMFO 
TIMF1 
TIMF2 


Timer flag 
Timer flag 1 
Timer flag 2 


Yes 
Yes 
Yes 


000EH 
0010H 
001 2H 


10 
11 
12 


SEF 
SRF 
STF 


Serial port error 

Serial port receive buffer 

Serial port transmit buffer 


No 
Yes 
Yes 


0022H 
0024H 
0026H 


13 
14 


ADF 
TBF 


A/D converter done flag 
Timebase counter flag 


Yes 
No 


0028H 
00OCH 



0000H 



Figure 6. Hardware Context Switching 
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Figure 7. /JPD78312 Macro Service Pointer Addresses 
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Table 2. 


Special Function Registers 












Address 


Function 


Mnemonic 


Read/ 
Write 


16-Bit 
Transfer 


Reset 
State 


FFOOH 


I/O port 


P0 


R/W 


No 


Undef 


ned 


FF01H 


I/O port 1 


P1 


R/W 


No 


Undef 


ned 


FF02H 


I/O port 2 


P2 


R/W 


No (Note 1) 


Undef 


ned 


FF03H 


I/O port 3 


P3 


R/W 


No (Note 1) 


Undef 


ned 


FF04H 


I/O port 4 


P4 


R/W 


No 


Undef 


ned 


FF05H 


I/O port 5 


P5 


R/W 


No 


Undef 


ned 


FF08H 
FF09H 


Capture/compare register 00 


CROOL 
CROOH 


R/W 


Yes 


Undef 


ned 


FFOAH 
FFOBH 


Capture/compare register 01 


CR01L 
CR01H 


R/W 


Yes 


Undef 


ned 


FFOCH 
FFODH 


Capture/compare register 10 


CR10L 
CR10H 


R/W 


Yes 


Undef 


ned 


FFOEH 
FFOFH 


Capture/compare register 11 


CR11L 
CR11H 


R/W 


Yes 


Undef 


ned 


FF10H 
FF11H 


Capture register (from FRC) 


CPTOL 
CPTOH 


R/W 


Yes 


Undef 


ned 


FF12H 
FF13H 


Capture register 1 (from FRC) 


CPT1L 
CPT1H 


R/W 


Yes 


Undef 


ned 


FF14H 
FF15H 


PWM register (duration) 


PWMOL 
PWMOH 


R/W 


Yes 


Undef 


ned 


FF16H 
FF17H 


PWM register 1 (duration) 


PWM1L 
PWM1H 


R/W 


Yes 


Undef 


ned 


FF1CH 
FF1DH 


Presettable up/down counter 


UDCOL 
UDCOH 


R/W 


Yes 


Undef 


ned 


FF1EH 
FF1FH 


Presettable up/down counter 1 


UDC1L 
UDC1H 


R/W 


Yes 


Undef 


ned 


FF20H 


PortO mode register 


PMO 


R/W 


No 


FFH 




FF21H 


Port 1 mode register 


PM1 


R/W 


No 


FFH 




FF22H 


Port 2 mode register 


PM2 


R/W 


No 


FFH 




FF23H 


Port 3 mode register 


PM3 


R/W 


No 


FFH 




FF25H 


Port 5 mode register 


PM5 


R/W 


No 


FFH 




FF32H 


Port 2 mode control register 


PMC2 


R/W 


No 


OFH 




FF33H 


Port 3 mode control register 


PMC3 


R/W 


No 


OFH 




FF38H 


Real-time output port control register 


RTPC 


R/W 


No 


08H 
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Table 2. 


Special Function Registers (cont) 










Address 


Function 


Mnemonic 


Read/ 
Write 


16-Bit 
Transfer 


Reset 
State 


FF3AH 
FF3BH 


Port buffer register (Note 2) 


POL 
POH 


R/W 
R/W 


No 
No 


Undefined 
Undefined 


FF40H 


Memory mapping register 


MM 


R/W 


No 


30H 


FF41H 


Refresh mode register 


RFM 


R/W 


No 


10H 


FF42H 


Watchdog timer mode register 


WDM 


R/W 


No 


00H 


FF44H 


Standby control register 


STBC 


R/W 


No 


2nH (Note 3) 


FF46H 


Timebase mode register 


TMB 


R/W 


No 


00H 


FF48H 


Interrupt mode register 


INTM 


R/W 


No 


00H 


FF4AH 


In-service priority register 


ISPR 


R/W 


No 


00H 


FF4EH 


CPU control word 


CCW 


R/W 


No 


00H 


FF50H 


Serial communication mode register 


SCM 


R/W 


No 


00H 


FF52H 


Serial communication control register 


sec 


R/W 


No 


00H 


FF53H 


Baud rate generator 


BRG 


R/W 


No 


00H 


FF56H 


Serial communication receive buffer 


RXB 


R 


No 


Undefined 


FF57H 


Serial communication transmit buffer 


TXB 


W 


No 


Undefined 


FF60H 


Free-running counter control register 


FRCC 


R/W 


No 


00H 


FF64H 


Capture mode register 


CPTM 


R/W 


No 


00H 


FF66H 


PWM mode register 


PWMM 


R/W 


No 


00H 


FF68H 


A/D converter mode register 


ADM 


R/W 


No 


00H 


FF6AH 


A/D converter result register 


ADCR 


R 


No 


Undefined 


FF70H 


Count unit input mode register 


CUIM 


R/W 


No 


00H 


FF72H 


Up/down counter control register 


UDCCO 


R/W 


No 


00H 


FF74H 


Capture/compare control register 


CRC 


R/W 


No 


00H 


FF80H 


Timer control register 


TMCO 


R/W. 


No 


00H 


FF82H 


Timer 1 control register 


TMC1 


R/W 


No 


00H 


FF88H 
FF89H 


Timer 


TMOL 
TMOH 


R/W 


Yes 


Undefined 


FF8AH 
FF8BH 


Modulus/timer register 


MDOL 
MDOH 


R/W 


Yes 


Undefined 


FF8CH 
FF8DH 


Timer 1 


TM1L 
TM1H 


R/W 


Yes 


Undefined 


FF8EH 
FF8FH 


Modulus register 1 


MD1L 
MD1H 


R/W 


Yes 


Undefined 


FFBOH- 
FFBFH 


External area (Note 4) 











E 
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Table 2. 


Special Function Registers (cont) 










Address 


Function 




Mnemonic 


Read/ 
Write 


16-Bit 
Transfer 


Reset 
State 


FFCOH 


Interrupt control 00 


Up/down counter 


CRIC00 


R/W 


No 


47H 


FFC1H 


Macro service control 00 


Up/down counter 


CRMS00 


R/W 


No 


Undefined 


FFC2H 


Interrupt control 01 


Up/down counter 


CRIC0.1 


R/W 


No 


47H 


FFC4H 


Interrupt control 10 


Up/down counter 


CRIC10 


R/W 


No 


47H 


FFC5H 


Macro service control 10 


Up/down counter 


CRMS10 


R/W 


No 


Undefined 


FFC6H 


Interrupt control 11 


Up/down counter 


CRIC11 


R/W 


No 


47H 


FFC8H 


EXIF0 interrupt control 


External interrupt 


EXIC0 


R/W 


No 


47H 


FFC9H 


EXIF0 macro service control 


External interrupt 


EXMS0 


R/W 


No 


Undefined 


FFCAH 


EXIF1 interrupt control 


External interrupt 


EXIC1 


R/W 


No 


47H 


FFCBH 


EXIF1 macro service control 


External interrupt 


EXMS1 


R/W 


No 


Undefined 


FFCCH 


EXIF2 interrupt control 


External interrupt 


EXIC2 


R/W 


No 


47H 


FFCDH 


EXIF2 macro service control 


External interrupt 


EXMS2 


R/W 


No 


Undefined 


FFCEH 


TMF0 interrupt control 


Timer flag 


TMIC0 


R/W 


No 


47H 


FFCFH 


TMF0 macro service control 


Timer flag 


TMMS0 


R/W 


No 


Undefined 


FFDOH 


TMF1 interrupt control 


Timer flag 


TMIC1 


R/W 


No 


47H 


FFD1H 


TMF1 macro service control 


Timer flag 


TMMS1 


R/W 


No 


Undefined 


FFD2H 


TMF2 interrupt control 


Timer flag 


TMIC2 


R/W 


No 


47H 


FFD3H 


TMF2 macro service control 


Timer flag 


TMMS2 


R/W 


No 


Undefined 


FFDAH 


Error interrupt control 


Serial port 


SEIC 


R/W 


No 


47H 


FFDCH 


Receive interrupt control 


Serial port 


SRIC 


R/W 


No 


47H 


FFDDH 


Receive macro service control 


Serial port 


SRMS 


R/W 


No 


Undefined 


FFDEH 


Transmit interrupt control 


Serial port 


STIC 


R/W 


No 


47H 


FFDFH 


Transmit macro service control 


Serial port 


STMS 


R/W 


No 


Undefined 


FFEOH 


A/D converter interrupt control 




ADIC 


R/W 


No 


47H 


FFE1H 


A/D converter macro service control 




ADMS 


R/W 


No 


Undefined 


FFE2H 


Timebase counter interrupt control 




TBIC 


R/W 


No 


47H 


FFFCH 
FFFDH 


Stack pointer (Note 5) 




SPL 
SPH 


R/W 


Yes 


Undefined 


FFFEH 
FFFFH 


Program status word (Note 5) 




PSWL 
PSWH 


R/W 


Yes 


00H 



Note: 

(1 ) Bits 0-3 of port 2 and port 3 are read-only. 

(2) POH and POL are 4-bit buffer registers used to store data to be loaded into the high and low nibbles of the real-time output (PO). 

(3) Bit 3 of the STBC is not affected by RESET (n = O or 8). 

(4) External registers interfaced with these addresses can be accessed by special function register addressing. 

(5) SP and PSW do not have real SFR addresses and can be accessed only by special instructions. 
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Instruction Set 

The instruction set for the //PD78310/312 has 8- and 
16-bit arithmetic instructions including a 16 x 16-bit 
unsigned multiply with a 32-bit product and a 32 by 
16-bit unsigned divide with a 32-bit quotient and a 
16-bit remainder. The instruction set also excutes an 
8-bit and a 16-bit shift and rotate by count, 1- and 8-bit 
logic, and 1-, 2-, and 3-byte call instructions. String 
manipulation instructions are also included. 

There are four addressing modes for unconditional 
branching. Branch instructions exist to test single bits 
in the program status word, the 16-bit accumulator, the 
special function registers, and internal RAM. The 
instruction set also includes multiple register PUSH 
and POP instructions. 

Following are several tables explaining symbols, 
designations, and codes in the Instruction Set. Machine 
codes are omitted from the instructions but they are in 
the User's Manual. 



Symbols in the Operand and Operation Columns 



Symbol 


Meaning 


r R0-R15 


M 


R0-R7 


r2 


C,B 


rp 


RP0-RP7* 


rp1 


RP0-RP7* 


rp2 


DE, HL.VP, UP 


sfr 


Special function register, 8 bits 


sfrp 


Special function register, 16 bits 



post RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7 

Bits set to 1 indicate register pairs to be pushed/popped 

to/from the stack 
RP5 pushed/popped by PUSH/POP: 

SP is stack pointer 
PSW pushed/popped by PUSHU/POPU: 

RP5 is stack pointer 

mem (DE), (HL), (DE+), (HL+), (DE-), (HL-), (VP), (UP); register 

indirect 
(DE + A), (HL + A), (DE + B), (HL + B), (VP + DE), 

(VP + HL); base/index mode 
(DE + byte), (HL + byte), (VP + byte), (UP + byte), 

(SP + byte); base mode 
Word (A), word (B), word (DE), word (HL); index mode 

saddr FF20H-FF1FH: immediate byte addresses one byte in RAM, 
or label 



saddrp 



byte 



bit 



n 



E 



FE20H-FF1FH: immediate byte (bit = 
word in RAM 



: 0) addresses one 



word 16 bits of immediate data 



8 bits of immediate data 



jdisp 8-bit two's complement displacement (immediate data) 



3 bits of immediate data (bit position in byte), or label 



3 bits of immediate data 



addr16 0000H-FEFFH: 16-bit immediate address (up to FFFFH in. 
MOV instruction) 

!addr16 0000H-FEFFH: 16-bit absolute branch address (immediate 
data) 

$addr16 Relative branch address ((PC)+jdisp)) 

addr11 0800H-0FFFH: 0800H+ (11-bit immediate address), or label 



addr5 



0040H-007EH: 0040H + 2 x (5-bit immediate address), or 
label 
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Symbols in the Operand and Operation Columns (cont) Flag Indicators 



Symbol 


Meaning 


A 


A register (8-bit accumulator) 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R15 


Register 0-15 


AX 


Register pair AX (16-bit accumulator) 


BC 


Register pair BC 


DE 


Register pair DE 


HL 


Register pair HL 


RP0-RP7 


Register pair 0-7 


PC 


Program counter 


SP 


Stack pointer 


UP 


User stack pointer (RP5) 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary carry flag 


Z 


Zero flag 


P/V 


Parity/overflow flag 


s 


Sign flag 


SUB 


Subtract flag 


TPF 


Table position flag 


RBS 


Register bank select flag 


RSS 


Register set select flag 


IE 


Interrupt enable flag 


EOS 


End of software interrupt flag 


STBC 


Standby control register 


WDM 


Watchdog timer mode register 


( ) Contents of the location whose address is within ( ); (+) 
and (-) indicate that the address is incremented after or 
decremented before it is used. 


(( )) 


Contents of the memory location defined by the contents 
of the location defined by the quantity within the (( )). 


XXH 


Hexadecimal number 


XH, XL 


High-order 8 bits and low-order 8 bits of X 



Symbol 


Meaning 






(blank) 


No change 









Cleared to 






1 


Set to 1 






X 


Set or cleared according to result 


P 


Parity of result 






V 


Arithmetic overflow 




u 


Undefined 






R 


Restored from saved PSW 




Execution Times of Memory Reference Instructions: 
Number of Processor States 






Memory Reference Mode 


Instruction 


Register 
Indirect 


Base 

Index Base Index 


MOV 


A, mem 


5 


6 6 6 




mem, A 




XCH 


A, mem 


7 


8 8 8 




mem, A 




ADD, ADDC, A, mem 


6 


7 7 7 


SUB, SUBC, . 
AND, OR, XOR m ' 


7 


8 8 8 


CMP 


A, mem 


6 


7 7 7 




mem, A 




Memory Addressing Modes 




mod 1 0110 


10111 


0110 1010 


mem 


Register 
Indirect 


Base 
Index 


Base Index 





(DE+)* 


(DE + A) 


(DE + byte) word (DE) 


1 


(HL+)* 


(HL + A) 


(SP + byte) word (A) 


1 


(DE-)* 


(DE + B) 


(HL + byte) word (HL) 


1 1 


(HL-)* 


(HL + B) 


(UP + byte) word (B) 


1 


(DE)* 


(VP + DE) 


(VP + byte) - 


1 1 


(HL)* 


(VP + HL) 


- - 


1 1 


(VP) 


- 


- - 


1 1 1 


(UP) 


- 


- - 



*1-byte instructions: defined by special opcode and mem only. 



rp and rp1 describe the same registers, but generate different 
machine code. 
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General Register Designations 
r,r1 



R3 



R2 



RO 



reg 















RO 











1 


R1 








1 





R2 








1 


1 


R3 





1 








R4 





1 





1 


R5 





1 


1 





R6 





1 


1 


1 


R7 



R8 

R9 

R10 

R11 

R12 

R13 

R14 

R15 



r2 


c 


reg 




1 


C 
B 



P2 



rp1_ 

02 



PO 



oo 



reg-pair 



RPO 
RP1 
RP2 
RP3 
RP4 
RP5 
RP6 
RP7 



reg-pair 



RPO 
RP4 
RP1 
RP5 
RP2 
RP6 
RP3 
RP7 



rp2 


SI 


so 


reg-pair 








VP 





1 


UP 


1 





DE 


1 


1 


HL 



E 
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Instruction Set 




Operation 


States 


Bytes 






Flags 






Mnemonic Operand 


s 


z 


AC P/V 


SUB 


CY 



MOV 



r1,#byte 


r1 — byte 


3 


2 






saddr, #byte 


(saddr) — byte 


3 


3 






sfr**, #byte 


sfr *- byte 


3 


3 






r, r1 


r — r1 


3 


2 






A, M 


A — r1 


3 


1 






A, saddr 


A *- (saddr) 


3 


2 






saddr, A 


(saddr) — A 


3 


2 






saddr, saddr 


(saddr) *- (saddr) 


4 


3 






A, sfr 


A*- sfr 


3 


2 






sfr, A 


sfr*- A 


3 


2 






A, mem* 


A — (mem) 


5 


1 






A, mem 


A •*- (mem) 


5-6 


2-4 






mem, A* 


(mem) *- A 


5 


1 






mem, A 


(mem) — A 


5-6 


2-4 






A, (saddrp) 


A «- ((saddrp)) 


5 


2 






(saddrp), A 


((saddrp)) — A 


4 


2 






A, addr16 


A — (addr16) 


4 


4 






addr16, A 


(addr16) — A 


3 


4 






PSWL, #byte 


PSW L «- byte 


3 


3 X X 


X X 


X X 


PSWH, #byte 


PSW H — byte 


3 


3 






PSWL, A 


PSW L ■— A 


3 


2 X X 


X X 


X X 


PSWH, A 


PSW H <— A 


3 


2 






A, PSWL 


A *- PSW L 


3 


2 






A, PSWH 


A — PSW H 


3 


2 






A, r1 


A- — T1 


4 


1 






r, r1 


m — -r1 


4 


2 






A, mem 


A-« — ►(mem) 


7-8 


2-4 






A, saddr 


A < — ► (saddr) 


4 


2 






A, sfr 


A » — ► sfr 


7 


3 






A, (saddrp) 


A * — ► ((saddrp)) 


6 


2 







XCH 



saddr, saddr 



(saddr) 



(saddr) 



A special instruction is used to write to STBC and WDM (see below). 
One-byte move instruction. 
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Instruction Set (cont) 



Mnemonic 



Operand 



Flags 



Operation 



States Bytes 



AC 



P/V SUB CY 



MOVW 



rp1,#word 



saddrp, #word 



sfrp, #word 



rp, rp1 



AX, saddrp 



saddrp, AX 



saddrp, saddrp 



AX, sfrp 



sfrp, AX 



rp1 *- word 



(saddrp) *- word 



sfrp — word 



rp «- rp1 



AX *- (saddrp) 



(saddrp) — AX 



(saddrp) *- (saddrp) 



AX *- sfrp 



sfrp «- AX 



XCHW 



AX, saddrp 



AX, sfrp 



saddrp, saddrp 



rprpl 



AX 



(saddrp) 



AX 



sfrp 



(saddrp) 



(saddrp) 



rp 



rp1 



ADD 



A, #byte 



saddr, #byte 



sfr, #byte 



r, r1 



A, saddr 



A, sfr 



saddr, saddr 



A, mem 



mem, A 



A, CY — A + byte 



(saddr), CY <- (saddr) + byte 



sfr, CY *- sfr + byte 



r, CY — r + r1 



A, CY — A + (saddr) 



A, CY ~- A + sfr 



(saddr), CY *- (saddr) + (saddr) 



A, CY — A + (mem) 



6-7 



2-4 



(mem), CY — (mem) + A 



7-8 



2-4 



E 



ADDC 



A, #byte 



saddr, #byte 



sfr, #byte 



r, r1 



A, saddr 



A, sfr 



saddr, saddr 



A, mem 



mem, A 



A, CY *- A + byte + CY 



(saddr), CY «- 
(saddr) + byte + CY 



sfr, CY *- sfr + byte + CY 



r, CY ~- r + r1 + CY 



A, CY — A + (saddr) + CY 



A, CY *- A + sfr + CY 



(saddr), CY *- 
(saddr) + (saddr) + CY 



A, CY «- A + (mem) + CY 



6-7 



2-4 



(mem), CY *- (mem) + A + CY 



7-8 



2-4 
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Instruction Set (cont) 



Flags 



Mnemonic 


Operand 


Operation 


States 


Bytes 


S 


z 


AC 


P/V SUB CY 


SUB 


A, #byte 


A, CY — A - byte 


3 


2 


X 


X 


X 


V 


X 




saddr, #byte 


(saddr), CY *- (saddr) - byte 


4 


3 


X 


X 


X 


V 


X 




sfr, #byte 


sfr, CY — sfr - byte 


7 


4 


X 


X 


X 


V 


X 




r,r1 


r, CY — r - r1 


3 


2 


X 


X 


X 


V 


X 




A, saddr 


A, CY — A - (saddr) 


3 


2 


X 


X 


X 


V 


X 




A, sfr 


A, CY — A - sfr 


6 


3 


X 


X 


X 


V 


X 




saddr, saddr 


(saddr), CY — (saddr) - (saddr) 


6 


3 


X 


X 


X 


V 


X 




A, mem 


A, CY *- A - (mem) 


6-7 


2-4 


X 


X 


X 


V 


X 




mem, A 


(mem), CY — (mem) - A 


7-8 


2-4 


X 


X 


X 


V 


X 


SUBC 


A, #byte 


A, CY — A - byte - CY 


3 


2 


X 


X 


X 


V 


X 




saddr, #byte 


(saddr), CY *- 
(saddr) - byte - CY 


4 


3 


X 


X 


X 


V 


X 




sfr, #byte 


sfr, CY *- sfr - byte - CY 


7 


4 


X 


X 


X 


V 


X 




r, r1 


r, CY — r - r1 - CY 


3 


2 


X 


X 


X 


V 


X 




A, saddr 


A, CY — A - (saddr) - CY 


3 


2 


X 


X 


X 


V 


X 




A, sfr 


A, CY — A - sfr - CY 


6 


3 


X 


X 


X 


V 


X 




saddr, saddr 


(saddr), CY — 
(saddr) - (saddr) - CY 


6 


3 


X 


X 


X 


V 


X 




A, mem 


A, CY — A - (mem) - CY 


6-7 


2-4 


X 


X 


X 


V 


X 




mem, A 


(mem), CY «- (mem) - A - CY 


7-8 


2-4 


X 


X 


X 


V 


X 



AND 



A, #byte 


A *- A A byte 


3 


2 


X 


X 


u 


p 








saddr, #byte 


(saddr) *- (saddr) A byte 


4 


3 


X 


X 


u 


p 








sfr, #byte 


sfr *- sfr A byte 


7 


4 


X 


X 


u 


p 








r,r1 


r *- r A r1 


3 


2 


X 


X 


u 


p 








A, saddr 


A *- A A (saddr) 


3 


2 


X 


X 


u 


p 








A, sfr 


A -* A A sfr 


6 


3 


X 


X 


u 


p 








saddr, saddr 


(saddr) *- (saddr) A (saddr) 


6 


3 


X 


X 


u 


p 








A, mem 


A *- A A (mem) 


6-7 


2-4 


X 


X 


u 


p 








mem, A 


(mem) *- (mem) A A 


7-8 


2-4 


X 


X 


u 


p 








A, #byte 


A — A V byte 


3 


2 


X 


X 


u 


p 








saddr, #byte 


(saddr) *- (saddr) V byte 


4 


3 


X 


X 


u 


p 








sfr,#byte 


sfr — sfr V byte 


7 


4 


X 


X 


u 


p 








r,M 


r — r V M 


3 


2 


X 


X 


u 


p 








A, saddr 


A — A V (saddr) 


3 


2 


X 


X 


u 


p 








A, sfr 


A *- A V sfr 


6 


3 


X 


X 


u 


p 








saddr, saddr 


(saddr) *- (saddr) V (saddr) 


6 


3 


X 


X 


u 


p 








A, mem 


A-<— AV (mem) 


6-7 


2-4 


X 


X 


u 


p 









OR 



mem, A 



(mem) *— (mem) V A 



7-8 



2-4 
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Instruction Set (cont) 



Mnemonic 



Operand 



Flags 



Operation 



States Bytes 



AC 



P/V SUB CY 



XOR 



A, #byte 


A «—- V- byte 


3 


2 


X 


X 


U 


p 








saddr, #byte 


(saddr) — (saddr)-V- byte 


4 


3 


X 


X 


u 


p 








sfr, #byte 


sfr — sfr-V- byte 


7 


4 


X 


X 


u 


p 








r, r1 


r — r-V- r1 


3 


2 


X 


X 


u 


p 








A, saddr 


A *- A¥ (saddr) 


3 


2 


X 


X 


u 


p 








A, sfr 


A — A-V- sfr 


6 


3 


X 


X 


u 


p 








saddr, saddr 


(saddr)-— (saddr)-* (saddr) 


6 


3 


X 


X 


u 


p 








A, mem 


A — A-V- (mem) 


6-7 


2-4 


X 


X 


u 


p 









mem, A 



(mem) — (mem)-V- A 



7-8 



2-4 



CMP 



A, #byte 


A - byte 


3 


2 


X 


X 


X 


V 


X 


saddr, #byte 


(saddr) - byte 


4 


3 


X 


X 


X 


V 


X 


sfr, #byte 


sfr - byte 


7 


4 


X 


X 


X 


V 


X 


r, r1 


r- r1 


3 


2 


X 


X 


X 


V 


X 


A, saddr 


A - (saddr) 


3 


2 


X 


X 


X 


V. 


X 


A, sfr 


A -sfr 


6 


3 


X 


X 


X 


V 


X 


saddr, saddr 


(saddr) - (saddr) 


6 


3 


X 


X 


X 


V 


X 


A, mem 


A - (mem) 


6-7 


2-4 


X 


X 


X 


V 


X 


mem, A 


(mem) - A 


6-7 


2-4 


X 


X 


X 


V 


X 



E 



ADDW 



AX, #word 


AX, CY — AX + word 


4 


3 


X 


X 


U 


V 





X 


saddrp, #word 


(saddrp), CY — (saddrp) + word 


5 


4 


X 


X 


U 


V 





X 


sfrp, #word 


sfrp, CY — sfrp + word 


8 


5 


X 


X 


U 


V 





X 


rp, rp1 


rp, CY — rp + rp1 


4 


2 


X 


X 


u 


V 





X 


AX, saddrp 


AX, CY — AX + (saddrp) 


4 


2 


X 


X 


u 


V 





X 


AX, sfrp 


AX, CY — AX + sfrp 


7 


3 


X 


X 


u 


V 





X 



saddrp, saddrp 



(saddrp), CY — 
(saddrp) + (saddrp) 



SUBW 


AX, #word 


AX, CY *- AX - word 


4 


3 


X 


X 


u 


V 


X 




saddrp, #word 


(saddrp), CY — (saddrp) - word 


5 


4 


X 


X 


u 


V 


X 




sfrp, #word 


sfrp, CY — sfrp - word 


8 


5 


X 


X 


u 


V 


X 




rp, rp1 


rp, CY — rp - rp1 


4 


2 


X 


X 


u 


V 


X 




AX, saddrp 


AX, CY *- AX - (saddrp) 


4 


2 


X 


X 


u 


V 


X 




AX, sfrp 


AX, CY — AX - sfrp 


7 


3 


X 


X 


u 


V 


X 




saddrp, saddrp 


(saddrp), CY — 
(saddrp) - (saddrp) 


6 


3 


X 


X 


u 


V 


X 


CMPW 


AX, #word 


AX - word 


4 


3 


X 


X 


u 


V 


X 




saddrp, #word 


(saddrp) - word 


5 


4 


X 


X 


u 


V 


X 




sfrp, #word 


sfrp - word 


8 


5 


X 


X 


u 


V 


X 




rp, rp1 


rp - rp1 


4 


2 


X 


X 


u 


V 


X 




AX, saddrp 


AX - (saddrp) 


4 


2 


X 


X 


u 


V 


X 




AX, sfrp 


AX - sfrp 


7 


3 


X 


X 


u 


V 


X 




saddrp, saddrp 


(saddrp) - (saddrp) 


6 


3 


X 


X 


u 


V 


X 
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Instruction Set (cont) 




Operand 


Operation 


States 




Flags 






Mnemonic 


Bytes S 


Z AC P/V 


SUB 


CY 


MULU 


r1 


AX — A x r1 


18 


2 








DIVU 


r1 


AX (Quotient), r1 (Remainder) 

— AX -h r1 


18 


2 








MULUW 


rp1 


AX (High Order 16 Bits), 
rp1 (Low Order 16 Bits), 
— AX x rp1 


27 


2 








DIVUX 


rp1 


AXDE (Quotient), rp1 (Remainder) 
"- AXDE -s- rp1 


50 


2 









INC 


r1 


r1 — r1 + 1 


3 


1 


X 


X 


X 


V 









saddr 


(saddr) — (saddr) + 1 


4 


2 


X 


X 


X 


V 







DEC 


r1 


■ r1 *- r1 - 1 


3 


1 


X 


X 


X 


V 


1 






saddr 


(saddr) — (saddr) - 1 


4 


2 


X 


X 


X 


V 


1 




INCW 


rp2 


rp2 — rp2 + 1 


3 


1 
















saddrp 


(saddrp) — (saddrp) + 1 


6 


3 














DECW 


rp2 


rp2 — rp2 - 1 


3 


1 
















saddrp 


(saddrp) *- (saddrp) - 1 


6 


3 














ROR 


r1,n 


(CY, r1 7 — r1 ; 
r1m-l*-r1m)xn 


4 + 3n 


2 


X 


X 





p 





X 


ROL 


r1,n 


(CY, r1 — r1 7 ; 
r1 m + 1 — r1 m )xn 


4 + 3n 


2 


X 


X 





p 





X 


RORC 


r1,n 


(CY *- r1 ; 
r1 7 — CY; 
r1m-i*-r1 m )xn 


4 + 3n 


2 


X 


X 





p 





X 


ROLC 


r1,n 


(CY — r1 7 ; 
r1 — CY; 
r1m + l*-r1 m )xn 


4 + 3n 


2 


X 


X 





p 





X 


SHR 


r1,n 


(CY - r1„; 

r1 7 -0; 

r1m--l*-''1 rn )xn 


4 + 3n 


2 


X 


X 





p 





X 


SHL 


r1,n 


(CY — r1 7 ; 

r1 — 0; 

r1m + l^r1 m )xn 


4 + 3n 


2 


X 


X 





p 





X 


SHRW 


rp1, n 


(CY *- rp ; 
rpis — 0; 
rPm-1 *-rp m )xn 


4 + 3n 


2 


X 


X 





p 





X 


SHLW 


rp1, n 


(CY — rp 15 ; 

rp *~ 0; 

rPm + 1 ~~ rPm) x n 


4 + 3n 


2 


X 


X 





p 





X 


ROR4 


(rpl) 


A 3 _ — (rp1) 3 _o; 

(rp1)7-4^-A 3 _ ; 
(rp1) 3 _o*-(rp1) 7 _4 


8 


2 


X 


X 





p 







ROL4 


(rpD 


A 3 _o^(rp1) 7 _ 4 ; 
(rp1) 3 _o*-A 3 _ ; 
(rp1) 7 -4 "-(^1)3-0 


8 


2 


X 


X 





p 








ADJ4 



Decimal Adjust Accumulator 



X X X V X 
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Instruction Set (cont) 




Operation 


States 


Bytes 






Flags 






Mnemonic Operand 


s 


z 


AC P/V 


SUB 


CY 



MOV1 



CY, saddr.bit 



CY, sfr.bit 



CY, A.bit 



CY, X.bit 



CY, PSWH, bit 



CY, PSWL, bit 



saddr.bit, CY 



sfr.bit, CY 



A.bit, CY 



X.bit, CY 



PSWH.bit, CY 



PSWL.bit, CY 



CY — (saddr.bit) 



CY — sfr.bit 



CY «- A.bit 



CY — X.bit 



CY — PSW H .bit 



CY — PSW L -bit 



(saddr.bit) — CY 



sfr.bit *- CY 



A.bit — CY 



X.bit*- CY 



PSW H .bit — CY 



PSW L .bit *- CY 



AND1 



CY, saddr.bit 



CY,/saddr.bit 



CY, sfr.bit 



CY./sfr.bit 



CY, A.bit 



CY,/A.bit 



CY, X.bit 



CY,/X.bit 



CY, PSWH.bit 



CY,/PSWH.bit 



CY, PSWL.bit 



CY,/PSWL.bit 



CY — CY A (saddr.bit) 



CY — CY A (saddr.bit) 



CY — CY A sfr.bit 



CY *- CY A sfr.bit 



CY*-CYAA.bit 



CY*-CYAA.bit 



CY *- CY A X.bit 



CY — CY A X.bit 



CY*-CY A PSW H .bit 



CY — CY A PSW H .bit 



CY — CY A PSW L .bit 



CY — CY A PSW L .bit 



E 



OR1 



CY, saddr.bit 



CY,/saddr.bit 



CY, sfr.bit 



CY./sfr.bit 



CY, A.bit 



CY./A.bit 



CY, X.bit 



CY./X.bit 



CY, PSWH.bit 



CY,/PSWH.bit 



CY, PSWL.bit 



CY,/PSWL.bit 



CY — CY V (saddr.bit) 



CY — CY V (saddr.bit) 



CY — CY V sfr.bit 



CY — CY V sfr.bit 



CY — CY V A.bit 



CY — CY V A.bit 



CY*-CY VX.bit 



CY«-CYV X.bit 



CY — CY V PSW H .bit 



CY — CY V PSW H .bit 



CY — CY V PSW L .bit 



CY *- CY V PSW L .bit 
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Instruction Set (cont) 



Mnemonic 



Operand 



Flags 



Operation 



States Bytes 



AC 



P/V SUB CY 



XOR1 



CY, saddr.bit 



CY, sfr.bit 



CY, A.bit 



CY, X.bit 



CY, PSWH.bit 



CY, PSWL.bit 



CY — CY^ (saddr.bit) 



CY-CY^/- sfr.bit 



CY — CY-V- A.bit 



CY — CY-V- X.bit 



CY — CY¥PSW H .bit 



CY — CY-V-PSW L .bit 



SET1 



saddr.bit 



sfr.bit 



A.bit 



X.bit 



PSWH.bit 



PSWL.bit 



(saddr.bit) — 1 



sfr.bit — 1 



A.bit — 1 



X.bit — 1 



PSW H .bit — 1 



PSW L .bit — 1 



CLR1 



saddr.bit 



sfr.bit 



A.bit 



X.bit 



PSWH.bit 



PSWL.bit 



(saddr.bit) — 



sfr.bit • 



A.bit — 



X.bit — 



PSW H .bit — 



PSW L .bit — 



NOT1 



CALLT 



saddr.bit 



sfr.bit 



A.bit 



X.bit 



PSWH.bit 



(addr5) 



(saddr.bit) — (saddr.bit) 



sfr.bit — sfr.bit 



A.bit — A.bit 



X.bit — X.bit 



PSW H .bit — PSW H .bit 





PSWL.bit 


PSW L .bit — PSW L .bit 


7 


2 




SET1 


CY 


CY — 1 


3 


1 


1 


CLR1 


CY 


CY — 


3 


1 





NOT1 


CY 


CY — CY 


3 


1 


X 


CALL 


!addr16 


(SP-1)-(PC + 3) H ; 
(SP - 2) — (PC + 3) L ; 
PC — addr16; 
SP — SP-2 


8 


3 




CALLF 


!addr11 


(SP-1)-(PC + 2) H ; 
(SP - 2) — (PC + 2) L ; 
PC — addr11; 
SP — SP-2 


8 


2 





(SP-1)-(PC + 1) H ; 

(SP - 2) — (PC + 1) L ; 

PC H — (TPFX8000H + addr5 + 1); 

PC H — (TPFX8000H + addr5); 

SP — SP - 2 



10 



4-196 



NEC 



//PD78310/312 



Instruction Set (cont) 




Operation 


States 


Bytes 






Flags 






Mnemonic Operand 


S 


Z 


AC P/V 


SUB 


CY 



CALL 



r P 1 



(rpD 



(SP-1)-(PC + 2) H ; 
(SP - 2) — (PC + 2) L ; 
PC H — r P 1 H ; 
PC L -rp1 L ; 
SP — SP-2 



13 



(SP-u-(pc + 2) h ; 

(SP - 2) — (PC + 2) L ; 
PC H — (rp1) H ; 
PC L - (rpD L ; 
SP — SP-2 



BRK 



(SP - 1) — PSW H ; 
(SP - 2) — PSW L ; 
(SP-3)-(PC + 1) H ; 
(SP - 4) — (PC + 1) L ; 
PC L — (003EH); 
PC H — (003FH); 
SP — SP-4 



16 1 



RET 



PC L — (SP); 
PC H — (SP + 1); 
SP — SP + 2 



RETI 



PC L — (SP); 
PC H -(SP + 1); 
PSW L — (SP + 2); 
PSW H — (SP + 3); 
SP — SP + 4; 
EOS — 



14 1 



R R R 



E 



PUSH 



post 



PSW 



((SP - 1) — post H ; 
(SP - 2) — post L ; 
SP — SP-2)xn. 



(SP - 1) — PSW H ; 
(SP - 2) — PSW L ; 
SP — SP-2 



7 + 8n 2 



PUSHU 



post 



((UP - 1) - post H ; 
(UP - 2) — post L ; 
UP — UP-2)xn. 



l + 8n 2 



POP 



post 



PSW 



(post L — (SP); 
(post H — (SP + 1); 
SP — SP + 2)xn. 



PSW L — (SP); 
PSW H — (SP + 1); 
SP — SP + 2 



7 + 8n 



POPU 


post 


(post L - (UP); 
post H - (UP + 1); 
UP — UP + 2)xn. 


8 + 8n 


2 


MOVW 


SP, #word 


SP — word 


3 


4 




SP, AX 


SP — AX 


3 


2 




AX, SP 


AX — SP 


3 


2 


INCW 


SP 


SP — SP + 1 


6 


2 


DECW 


SP 


SP — SP-1 


6 


2 
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Instruction Set (cont) 




















Operation 


States 


Bytes 






Flags 






Mnemonic Operand 


s 


Z 


AC P/V 


SUB 


CY 



BR 



!addr16 


PC — addr16 


4 


3 


rp1 


PC H -rp1 H ; 
PC L *-rp1 L ; 


6 


2 


(rpD 


PC H — (rp1) H ; 
PC L -(rp1) L ; 


9 


2 





$addr16 


PC — addr16 


7 


2 


BC 
BL 


$addr16 


PC — addr16 if CY = 1 


7(3) 


2 


BNC 
BNL 


$addr16 


PC — addr16ifCY = 


7(3) 


2 


BZ 
BE 


$addr16 


PC — addr16 if Z = 1 


7(3) 


2 


BNZ 
BNE 


$addr16 


PC — addr16ifZ = 


7(3) 


2 


BV 
BPE 


$addr16 


PC — addr16if P/V = 1 


7(3) 


2 


BNV 
BPO 


$addr16 


PC — addr16 if P/V = 


7(3) 


2 



BN 


$addr16 


PC — addr16 if S = 1 


7(3) 


2 


BP 


$addr16 


PC — addr16 if S = 


7(3) 


2 


BGT 


$addr16 


PC — addr16if (P/V-V-S) VZ = 


9(5) 


3 


BGE 


$addr16 


PC — addr16ifP/V-¥-S = 


9(5) 


3 


BLT 


$addr16 


PC — addr16ifP/V-V-S = 1 


9(5) 


3 


BLE 


$addr16 


PC — addr16 if (P/V-V-S) VZ = 1 


9(5) 


3 


BH 


$addr16 


PC — addr16 if Z + CY = 


9(5) 


3 


BNH 


$addr16 


PC — addr16 if Z + CY = 1 


9(5) 


3 


BT 


saddr.bit, $addr16 


PC — addr16 if (saddr.bit) = 1 


9(7) 


3 




sfr.bit, $addr16 


PC — addr16 if (sfr.bit) = 1 


10(7) 


4 




A.bit, $addr16 


PC — addr16if A.bit = 1 


10(7) 


3 




X.bit, $addr16 


PC — addr16 if X.bit "= 1 


10(7) 


3. 




PSWH.bit, $addr16 


PC — addr16 if PSW H .bit = 1 


10(7) 


3 




PSWL.bit, $addr16 


PC— addr16ifPSW L .bit = 1 


10(7) 


3 


BF 


saddr.bit, $addr16 


PC — addr16 if (saddr.bit) = 


10(7) 


4 




sfr.bit, $addr16 


PC — addr16 if (sfr.bit) = 


10(7) 


4 




A.bit, $addr16 


PC — addr16 if A.bit = 


10(7) 


3 




X.bit, $addr16 


PC — addr16 if X.bit = 


10(7) 


3 




PSWH.bit, $addr16 


PC — addr16 if PSW H .bit = 


10(7) 


3 




PSWL.bit, $addr16 


PC — addr16 if PSW L .bit = 


10(7) 


3 


BTCLR 


saddr.bit, $addr16 


PC — addr16 if (saddr.bit) = 1 


12(7) 


4 



then reset (saddr.bit) 



sfr.bit, $addr16 



PC — addr16 if (sfr.bit) = 1 
then reset (sfr.bit) 



12(7) 



A.bit, $addr16 



PC — addr16 if A.bit = 1 

then reset A.bit 



11(7) 
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Instruction Set (cont) 



Mnemonic 



Flags 



Operand 



Operation 



States Bytes 



AC P/V SUB CY 



BTCLR 
(cont) 



X.bit, $addr16 



PC — addr16ifX.bit = 1 
then reset X.bit 



11(7) 



PSWH.bit, $addr16 PC — addr16 if PSW H .bit = 1 

then reset PSW H .bit 



12(7) 



PSWL.bit, $addr16 PC — addr16 if PSW L .bit = 1 

then reset PSW L .bit 



12(7) 



BFSET 



BRKCS 



saddr.bit, $addr16 



PC «- addr16 if (saddr.bit) = 
then set (saddr.bit) 



12(7) 



sfr.bit, $addr16 



PC — addr16 if (sfr.bit) = 
then set (sfr.bit) 



12(7) 



A.bit, $addr16 



PC *- addr16 if A.bit = 
then set A.bit 



11(7) 



X.bit, $addr16 



PC *— addr16 if X.bit = 

then set X.bit 



11(7) 



PSWH.bit, $addr16 



PC*-addr16ifPSW H .bit = 
then set PSW H .bit 



12(7) 





PSWL.bit, $addr16 


PC — addr16 if PSW L .bit = 
then set PSW|_.bit 


12(7) 


3 


DBNZ 


r2, $addr16 


r2 — r2-1; 

then PC — addr16 if r2#0 


8(5) 


2 




saddr, $addr 16 


(saddr) <- (saddr)- 1; 

then PC — addr16 if saddr #0 


7(6) 


3 



RBn 



PC H « — * R5; 
PC L — R4; 
R7 « — ► PSW H ; 
R6 « — ► PSW L ; 
RBS2-0 *- n; 
RSS — 0; 
IE — 



El 



RETCS 



!addr16 



PC H — R5; 
PC L — R4; 
R4, R5 «- (addr16); 
PSW H *~ R7; 
PSW L *- R6; 
EOS~-0 



MOVM 


(DE+), A 


(DE+) — A; 

C — C-1,EndifC = 


2 + 7n 


2 




(DE-), A 


(DE-) — A; 

C — C- 1, End if C = 


2 + 7n 


2 


MOVBK 


(DE+), (HL+) 


(DE+) — (HL+); 

C — C-1,EndlfC = 


2 + 10n 


•2 




(DE-), (HL-) 


(DE-) - (HL-); 

C — C- 1, End if C = 


2 + 10n 


2 


XCHM 


(DE+), A 


(DE+) " — ► A; 

C — C-1,EndifC = 


2 + 12n 


2 




(DE-), A 


(DE-) — A; 

C — C — 1, EndJf C = 


2 + 12n 


2 
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Instruction Set (cont) 



Flags 



Mnemonic 


Operand 


Operation 


States 


Bytes 


S 


z 


AC 


P/V SUB CY 


XCHBK 


(DE+), (HL+) 


(DE+) — (HL+); 
C — C-1,EndifC = 


2 + 15n 


2 














(DE-), (HL-) 


(DE-) — (HL-); 
C*-C-1, End if C = 


2 + 15n 


2 












CMPME 


(DE+), A 


(DE+) - A; 

C *- C - 1, End if C = or Z = 


2 + 8n 


2 


X 


X 


X 


V 


X 




(DE-), A 


(DE-)-A; 

C ^ C - 1 , End if C = or Z = 


2 + 8n 


2 


X 


X 


X 


V 


X 


CMPBKE 


(DE+), (HL+) 


(DE+)-(HL+); 

C — C - 1. End if C = or Z = 


2 + 11n 


2 


X 


X 


X 


V 


X 




(DE-), (HL-) 


(DE-) - (HL-); 
C*-C-1,EndifC = 0orZ = 


2 + 11n 


2 


X 


X 


X 


V 


X 


CMPMNE 


(DE+), A 


(DE+) - A; 

C — C - 1, End if C = or Z = 1 


2 + 8n 


2 


X 


X 


X 


V 


X 




(DE-), A 


(DE-)-A; 

C <— C - 1, End if C = or Z = 1 


2 + 8n 


2 


X 


X 


X 


V 


X 


CMPBKNE 


(DE+), (HL+) 


(DE+)-(HL+); 

C *- C - 1, End if C = or Z = 1 


2 + 11n 


2 


X 


X 


X 


V 


X 




(DE-), (HL-) 


(DE-)-(HL-); 

C *- C - 1 , End if C = or Z = 1 


2 + 11n 


2 


X 


X 


X 


V 


X 


CMPMC 


(DE+), A 


(DE+) - A; 

C ^- C - 1, End if C = or CY = 


2 + 8n 


2 


X 


X 


X 


V 


X 




(DE-), A 


(DE-)-A; 

C *- C - 1, End if C = or CY = 


2 + 8n 


2 


X 


X 


X 


V 


X 


CMPBKC 


(DE+), (HL+) 


(DE+)-(HL+); 

C — C - 1, End if C = or CY = 


2 + 11n 


2 


X 


X 


X 


V 


X 




(DE-), (HL-) 


(DE-)-(HL-); 

C *- C - 1 , End if C = or CY = 


2 + 11n 


2 


X 


X 


X 


V 


X 


CMPMNC 


(DE+), A 


(DE+) - A; 

C *- C - 1, End if C = or CY = 1 


2 + 8n 


2 


X 


X 


X 


V 


X 




(DE-), A 


(DE-) - A; 

C *- C - 1 , End if C = or CY = 1 


2 + 8n 


2 


X 


X 


X 


V 


X 


CMPBKNC 


(DE+), (HL+) 


(DE+)-(HL+); 
C*-C-1,EndifC = 0orCY = 1 


2 + 11n 


2 


X 


X 


X 


V 


X 




(DE-), (HL-) 


(DE-) - (HL-); 


2 + 11n 


2 


X 


X 


X 


V 


X 



SEL 



MOV 


STBC, #byte 


STBC — byte 


5 


4 




WDM, #byte 


WDM — byte 


5 


4 


SWRS 




RSS*- RSS 


3 


1 



RBn 



RSS *- 0; 
RBS2-0 — n 





RBn, ALT 


RSS — 1; 
RBS2-0«-n 


3 


2 


NOP 




No Operation 


3 


1 


El 




IE — 1 (Enable Interrupt) 


3 


1 


Dl 




IE — (Disable Interrupt 


3 


1 
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//PD8035HL/48H 

HIGH-SPEED, 8-BIT, SINGLE-CHIP 

HMOS MICROCOMPUTERS 



Description 

The f*PD8035HL and the /jPD8048H make up the 
nPD8048H family of single-chip 8-bit microcomputers. 
The processors in this family differ only in their internal 
program memory options: the ^PD8048H with 1Kx8 
bytes of mask ROM and the mPD8035HL with external 
memory. 

The NEC M PD8035HL and mPD8048H are single 
component, 8-bit, parallel microprocessors using 
n-channel silicon gate MOS technology. The jiPD8048H 
family of components functions efficiently in control as 
well as in arithmetic applications. Standard logic 
function implementation is facilitated by the large 
variety of branch and table look-up instructions. 

The yuPD8035HL/48H instruction set comprises 1 
and 2 byte instructions with over 70% of them 
single-byte. Execution requires only 1 or 2 cycles per 
instruction and over 50% are single-cycle instructions. 

The functions of the juPD8048H series of micro- 
processors can easily be expanded using standard 
8080A/8085A peripherals and memories. 

ThefiPD8048H contains the following functions usually 
found in external peripheral devices: 1024x8 bits of 
ROM program memory; 64x8 bits of RAM data 
memory; 27 I/O lines; an 8-bit interval timer/event 
counter; oscillator and clock circuitry. 

The nPD8035HL is intended for applications using 
external program memory only. It contains all the 
features of the ^PD8048H except the 1024 x 8-bit 
internal ROM. The external program memory can be 
implemented using standard 8080A/8085A memory 
products. 

Features 

□ Fully compatible with industry standard 
8048/8748/8035 

□ 2.5 jus cycle time: all instructions 1 or 2 bytes 

□ Interval timer/event counter 

□ 64 x 8-byte RAM data memory 
D External and timer interrupts 

□ 96 instructions: 70% single byte 

□ 27 I/O lines 

□ Internal clock generator 

□ 8 level stack 

□ Compatible with 8080A/8085A peripherals 

□ HMOS silicon gate technology 

□ Single +5 V power supply 



Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


//PD8035HLC 


40-pin plastic DIP 


6 MHz 


//PD8048HC 


40-pin plastic DIP 


6 MHz 



Pin 


Configuration 
























Toil 


1 


40 3 V C C 




XTAL1 C 


2 




39 3T1 






XTAL2 C 


3 




38 3 P2r 






RESET C 


4 




37 1 P2e 






SS C 


5 




36 2 P2 S 






INT C 


6 




35 3 P24 






EAC 


7 




34 3 P1 7 






RD C 


8 


3 


33 3 Pie 






PSEN C 


9 


X 


32 3 PI5 






WR C 


10 


o 


31 3 P1 4 






ALEC 


11 


a 


30 


3 PI3 






DB C 


12 


x 


29 3 PI2 






DB, C 


13 




28 3 PI1 






DB 2 C 


14 




27 


3 Plo 






DB 3 C 


15 




26 3 V DD 






DB 4 C 


16 




25 3 PROG 






DB 5 C 


17 




24 


3 P2 3 






DB 6 C 


18 




23 3 P2 2 






DB 7 C 


19 




22 3 P2i 






VssC 


20 




21 3 P2o 
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E 



Pin Identification 



No. 


Symbol 


Function 


1 


TO 


Test input/output 


2 


XTAL1 


Crystal 1 input 


3 


XTAL2 


Crystal 2 input 


4 


RESET 


Reset input 


5 


SS 


Single step input 


6 


TnT 


Interrupt input 


7 


EA 


External access input 


8 


RD 


Read output 


9 


PSEN 


Program store enable output 


10 


Wr 


Write output 


11 


ALE 


Address latch enable output 


12-19 


DB0-DB7 


Bidirectional data bus 


20 


Vss 


Ground 


21-24, 35-38 


P2 -P2 7 


Quasi-bidirectional Port 2 


25 


PROG 


Program output 
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Pin Identification (cont) 


No. Symbol 


Function 


26 V DD 


RAM power supply 


27-34 PI0-PI7 


Quasi-bidirectional Port 1 


39 T1 


Test 1 input 


40 V CC 


Primary power supply 



Pin Functions 

XTAL1 (Crystal 1) 

XTAL1 is one side of the crystal, LC, or external fre- 
quency source (non-TTL-compatible Vm)- 

XTAL2(Crystal2) 

XTAL2 is the other side of the crystal or frequency 
source. 

TO (Test 0) 

TO is the testable input using conditional transfer func- 
tions JTO and JNTO. The internal state clock (CLK) is 
available to TO using the ENTO CLK instruction. TO can 
also be used during programming as a testable flag. 

T1(Test1) 

T1 is the testable input using conditional transfer func- 
tions JT1 and JNT1. T1 can be made the counter/timer 
input using the STRT CNT instruction. 



RESET (Reset) 



An active low on RESET initializes the processor. RE- 
SET is also used for PROM programming verification 
and power-down (non-TTL compatible Vm). 

SS (Single Step) 

An active low on SS, together with ALE, causes the 
processor to execute the program one step at a time. 

[NT (Interrupt) 

An active low on [NT starts an interrupt if interrupts are 
enabled. A reset disables an interrupt. INT can be tested 
with the JNI instruction and, depending on the results, a 
jump to the specified address can occur. 

EA (External Access) 

An active high on EA disables internal program memory 
and fetches and accesses external program memory. 
EA is used for system testing and debugging. 



RD(Read) 

RD will pulse low when the processor performs a bus 
read. An active low on RD enables data onto the proces- 
sor bus from a peripheral device and functions as a read 
strobe for external data memory. 

WR (Write) 

WR will pulse low when the processor performs a bus 
write. WR can also function as a write strobe for exter- 
nal data memory. 



PSEN (Program Store Enable) 



PSEN becomes active only during ah external memory 
fetch. (Active low). 

ALE (Address Latch Enable) 

ALE occurs at each cycle. ALE can also be used as a 
clock output. The falling edge of ALE addresses exter- 
nal data memory or external program memory. 

DB0-DB7 (Data Bus) 

DB0-DB7 is a bidirectional port. Synchronous reads and 
writes can be performed on this port using RD and WR 
strobes. The contents of the DB0-DB7 bus can be 
latched in a static mode. 

During an external memory fetch, DB0-DB7 out put the 
low-order eight bits of the memory address. PSEN 
fetches the instruction. DB0-DB7 also output the ad- 
dress of an external data memory fetch. The addressed 
data is controlled by ALE, RD, and WR. 

P1o-Pl7(Port1) 

PI0-PI7 is an 8-bit quasi-bidirectional port. 

P2o-P27(Port2) 

P2rj-P27 is an 8-bit quasi-bidirectional port. P2n-P23 
output the high-order four bits of the address during an 
external program memory fetch. P2rj-P23 also function 
as a 4-bit I / O bus for the jiPD82C43 1 / O port expander. 



PROG (Program Pulse) 



PROG is used as an output pulse during a fetch when 
interfacing with the jhPD82C43 I/O port expander. 

Vcc (Primary Power Supply) 

Vcc is tne primary power supply. Vcc is +5V during 
normal operation. 
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Vqd (RAM Power Supply) 

Vqd must be set to +5 V for normal operation. A/qd sup- 
plies power to the internal RAM during standby mode. 



Vss (Ground) 

Vss is ground potential. 

Block Diagram 



Expansion to Additional 
External Memory and I/O 



Oscillator 
Frequency 





| 




+ 480 


Test 

1 


1 


' 


Timer and 
Event Counter 



Port 2 Latch (Low 4) 

and Expander 

Port I/O 



ti. 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



c 



Higher Program 
Counter (4) 



Resident Program Memory 

ROM (mPD8048H only) 

1024 x 8 



Lower 
Program 
Counter 



Bus Latch 

Low Program 

Counter's Temp 

Register 


!• 


Bus Buffer 



Program 
Status 
Word 



8-Bit Internal Bus 



Accumulator 
(8) 



Temporary 
Register (8) 



Accumulator 
Latch 



r 



Arithmetic 

Logic Unit 

(ALU) 



Power 
Supply 



- Vcc Program Supply 

- Vqd +5 V (Low Power Standby) 

- Vss Ground 



Decimal 
Adjust 



Instruction 
Register/ Decoder 




RAM Address 
Register 




t 














4 — TestO 








-« — Testl 








- — INT 






Conditional 
Branch 
Logic 


•* — Flag 
* — Flagl 
♦■ — Timer Flag 
■« — Carry 






ACC 










— ACC Bit Test 





RESET PROG 



Control and Timing 

XTAL XTAL 

EA 1 2 ALE 



t t i t tt i i t n 



Interrupt Initialize PROM/ External 
Expander Memory 
Strobe Access 



Oscillator/ 
Crystal 



Address 
Latch 

Strobe/ 
Cycle 
Clock 



Program Single 
Memory Step 
Enable 



Read/Write 
Strobes 



Note: J/PD8035H does not include ROM. 



> 



Bus 
Buffer 

and 
Latch 
Porti 



Multiplexer ~j 



Register 



Register 1 



Register 2 



Register 3 



Register 5 



Register 7 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bank 



Resident Data Memory - 
RAM (64 x 8) 
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SEC 



Logic Symbol 



XTAL-J *" 




« 8 -» Portl 
« 8 » Port2 






Reset — »• 






Single 
Step — *■ 


z 


*-Read 




External — p. 
Memory 


o 


+■ Write 




Test -J 

Interrupt — *• 

8 
Bus-* — ►■ 




^. Program Store 

Enable 

^. Address Latch 

Enable 

, Port Expander 
Strobe 
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DC Characteristics (cont) 

T A = 0°CtO +70°C,V CC = V DD = +5V±10%,V SS 



= 0V 



Absolute Maximum Ratings 

T A = 25°C 




Operating temperature, Topt 


0°C to +70°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Voltage on any pin, 


-0.5Vto+7V(Note1) 


Power dissipation, 


1.5W 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits 
described in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%,V S s = 0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input low 
voltage (All 
except XTAL1, 
XTAL2) 


V|L 


-0.5 




0.8 


V 




Input low 
voltage (RESET, 
X1, X2) 


V|L1 


-0.5 




0.8 


V 




Input high 
voltage (All 
except XTAL1, 
XTAL2, RESET) 


V| H 


2.0 




Vcc 


V 




Input high 
voltage (XTAL1, 
XTAL2, RESET) 


V|H1 


3.8 




Vcc 


V 




Output low 
voltage (bus) 


Vol 






0.45 


V 


Iol= 2.0 mA 


Output low 
voltage (RD, 
WR, PSEN, 
ALE) 


V L1 






0.45 


V 


l0L = 2.0mA 


Output low 
voltage (PROG) 


V 0L2 






0.45 


V 


l 0L = 2.0mA 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Output low VrjL3 
voltage (all other 
outputs) 






0.45 


V 


l L=2.0mA 


Output high Voh 
voltage (bus) 


2.4 






V 


l0H = -400fiA 


Output high Vnm 
voltage (RD, 
WR, PSEN, ALE) 


2.4 






V 


I h = -400mA 


Output high VrjH2 
voltage (all other 
outputs) 


2.4 






V 


l H=-40fiA 


input leakage I n_ 
current (T1, INT) 






±10 


MA 


V ss <V| N <V C c 



Input leakage 
current 

(PVP17. 
P2p-P2 7 , EA, 
SS) 



l|L1 



-500 jiA 



V CC >V| N > 
V ss + 0.45 V 



Output leakage Iol 
current (bus, 
TO, high 
impedance 
state) 



±10 f*A 



Vcc>v, N > 

V ss + 0.45 V 



Power down 
supply current 


'dd 




4 


8 


mA 


Ta= 


-25°C 


Total supply 
current 


>DD+ 




50 


80 


mA 


t a = 


25°C 


RAM standby 
voltage 


Vdo 


2.2 




5.5 


V 


Standby mode. 
Reset < 0.6 V 


AC Characteristics 

T A = o CtO+70 o C,V cc = V DD 


= +5V 


'±10% 


Vss= 


= OV 






Symbol 




Limits 




Unit 




Test 


Parameter 


Min 


Typ 


Max 


Conditions 


ALE pulse width t LL 


410 






ns 




(Note 1) 


Address setup 
to ALE 


tAL 


220 






ns 




(Note 1) 


Address hold 
from ALE 


tLA 


120 






ns 




(Note 1) 


Control pulse 
width (RD,"WR) 


tcci 


1050 






ns 




(Note 1) 


Control pulse 
width (PSEN) 


l CC2 


800 






ns 




(Note 1) 


Data setup WR 


l DW 


880 






ns 




(Note 1) 


Data hold after 
WR 


%D 


110 






ns 




(Note 2) 


Data hold (RD, 
PSEN) 


*DR 







220 


ns 




(Note 1) 


RD to data in 


tRD1 






800 


ns 




(Note 1) 


PSEN to data in 


l RD2 






550 


ns 




(Note 1) 



4-904 



NEC 



M PD8035HL/48H 



AC Characteristics (cont) 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%,V SS = 0V 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Address setup 
toWR 


Uw 


680 




ns 


(Note 1) 


Address setup 
to data (RD) 


Udi 




1570 


ns 


(Note 1) 


Address setup 
todata(PSEN) 


l AD2 




1090 


ns 


(Note 1) 


Address float to 
RD,WR 


*AFC1 


290 




ns 


(Note 1) 


Address float to 
PSEN 


UFC2 


40 




ns 


(Note 1) 


ALE to control 
(RD, WR) 


tLAFCT 


420 




ns 


(Note 1) 


ALE to control 
(PSEN) 


t|_AFC2 


170 




ns 


(Note 1) 


Control to ALE 
(RD.WR, PROG 


l CA1 


120 




ns 


(Note 1) 


Control to ALE 
(PSEN) 


l CA2 


620 




ns 


(Note 1) 


Port control 
setup to PROG 


tcp 


210 




ns 


(Note 1) 


Port control hold 
to PROG 


tpc 


460 




ns 


(Note 1) 


PRO"GtoP2 
input valid 


tpR 




1300 


ns 


(Note 1) 


Input data hold 
from PROG 


tPF 




250 


ns 


(Note 1) 


Output data 
setup 


tDP 


850 




ns 


(Note 1) 


Output data hold tpo 


200 




ns 


(Note 1) 


PROG pulse 
width 


tpp 


1500 




ns 


(Note 1) 


Port 2 I/O data 
setup to ALE 


tPL 


460 




ns 


(Note 1) 


Port 2 I/O data 
hold to ALE 


tLP 


150 




ns 


(Note 1) 


Port output from tpy 
ALE 




850 


ns 


(Note 1) 


Cycle time 


tCY 


2.5 


15 


MS 


(Note 1) 


TO rep rate 


tOPRR 


500 




ns 


(Note 1) 



Note: 

(1) Control outputs: C L = 80 pF, bus outputs: C L = 150 pF 

(2) Bus high impedance, load = 20 pF 



Timing Waveforms 

Instruction Fetch from External Memory 



J 



|—u- 



L 



p-ICC2-*p-tCA2-»-| 



|*»DRh 



Floating V Address V Floating Vlnstruction V Floating Y 



Read from External Data Memory 



■_r 



L 



[•— *LL — 4" 'LAFC1 »•[«— tCd » | « »CA1->j 



[*t D R» 



Floating J f Address j [ Floating , f Data J , Floating 




Write to External Memory 



J 



L 



-« tLAFCI ►["— *CC1 -*f*~ 'CA1 -*| 



-tAW 'ItDW 



Floating V Address \( Floating V Data V Floating 



►U-twD* 



4-20R 



M PD8035HL/48H 



SEC 



Timing Wavel 

Port 2 Timing 


for 


ms (cont) 








tLA- 




*-tpu— 


/ 




tCA1-» 

\ 


••-tpD 






t LP - 


«— tDP— ► 


Expander \/ 

Port X PCH 
Output /\ 


X 


P2 -P2 3 Da 




Port Control V Output Data 


X 






V 


h 




--tp F 

t 

r 

3-002893A 


pn 


Port Y pch 
Input /\ 


X 


P2o-P23Da 


"A 


PortCon,ro.X X™* 






tCP 


— 


»tpc* 


PROG 


1 


' 












tpp ► 

8 



Bus Timing Requirements 



Symbol 


Timing Formula 


MinfMax 


Unit 


tLL 


(7/30)t C Y-170 


Min 


ns 


tAL 


(2/15) toy- 110 


Min 


ns 


»LA 


(1/15)t C Y-40 


Min 


ns 


l CC1 


(1/2)t C Y-200 


Min 


ns 


l CC2 


(2/5) tcY-200 


Min 


ns 


l DW 


(13/30)t C Y-200 


Min 


ns 


l WD 


(1/15)tcY-50 


Min 


ns 


l DR 


(1/10) tcY-30 


Max 


ns 


'RD1 


(2/5)t CY -200 


Max 


ns 


<RD2 


(3/10)t CY -200 


Max 


ns 


l AW 


(1/3) tcY-150 


Min 


ns 


l AD1 


(11/15)t C Y-250 


Max 


ns 


l AD2 


(8/15)t CY -250 


Max 


ns 


{ AFC1 


(2/15)t CY -40 


Min 


ns 


l AFC2 


(1/30)t C Y-40 


Min 


ns 


l LAFC1 


(1/5)tcv-75 


Min 


ns 


l LAFC2 


(1/10) t CY -75 


Min 


ns 


tCA1 


(1/15)t CY -40 


Min 


ns 


l CA2 


(4/15)t CY -40 


Min 


ns 


k? 


(1/10) t CY -40 


Min 


ns 


*PC 


(4/15)tcY-200 


Min 


ns 


l PR 


(17/30)t C Y-120 


Max 


ns 


tpF 


(1 / 10) t CY 


Max 


ns 


l DP 


(2/5)t CY -150 


Min 


ns 


tPD 


(1/10)t CY -50 


Min 


ns 


tpp 


(7/10)t C Y-250 


Min 


ns 


tpL 


(4/15)t CY -200 


Min 


ns 


tLP 


(1/10) t CY -100 


Min 


ns 


tpv 


(3/10)t CY -100 


Max 


ns 


l 0PRR 


(3/15) t CY 


Min 


ns 


tCY 


6 MHz 




MS 



4-206 



Instruction Set 





Function 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


D? 


D 6 


»5 


l>4 


°3 


D 2 


Di 


Do 


Bytes 1 


J AC FO F1 


Accumulator 


ADD A, # data 


(A) — (A) + data 


Add immediate the specified data to the accumulator. 



d 7 



d 6 



d 5 




d 4 



d 3 



d 2 


1 
di 


do 


2 


2 




ADDA, Rr 


(A)*-(A)+-(Rr). 
r = 0-7 


Add contents of designated register to the accumulator. 





1 


1 





1 


r 


r 




1 


1 




ADDA, @Rr 


(A) — (A)+((Rr)) 
r = 0-1 


Add indirect the contents of the data memory location to the 
accumulator. 





1 


1 
















1 


1 




ADDC A, # data 


(A) — (A) + (C) + data 


Add immediate with carry the specified data to the 
accumulator. 



d 7 



d 6 



d 5 


d 4 



d 3 




d 2 


1 
di 


do 


2 


2 




ADDCA, Rr 


(A) — (A)+(C)+(Rr) 
for r = 0-7 


Add with carry the contents of the designated register to the 
accumulator. 





1 


1 




1 


r 


r 




1 


1 




ADDC A, @Rr 


(A) — (A)+(C)+((Rr)) 
for r = 0-1 


Add indirect with carry the contents of data memory location to 
the accumulator. 





1 


1 















1 


1 




ANLA,#data 


(A) — (A) AND data 


Logical AND specified immediate data with accumulator. 



d 7 


1 
d 6 



d 5 


d 4 



d 3 



d 2 


1 
di 


do 


2 


2 




ANLA, Rr 


(A) — (A) AND (Rr) 
r = 0-7 


Logical AND contents of designated register with accumulator. 





1 







1 


r 


r 




1 


1 




ANLA, @Rr 


(A) — (A) AND ((Rr)) 
r = 0-1 


Logical AND indirect the contents of data memory with 
accumulator. 





1 


















1 


1 




CPLA 


(A) — NOT (A) 


Complement the contents of the accumulator. 








1 







1 


1 




1 


1 




CLRA 


(A) — 


Clear the contents of the accumulator. 








1 








1 


1 




1 


1 




DA A 




Decimal adjust the contents of the accumulator. 





1 










1 


1 




1 


1 < 


> 


DEC A 


(A) — (A)-1 


Decrement by 1 the accumulator's contents. 

















1 


1 




1 


1 




INC A 


(A) — (A)+1 


Increment by 1 the accumulator's contents. 
















1 


1 




1 


1 




ORLA,#data 


(A) — (A) OR data 


Logical OR specified immediate data with accumulator. 




d 7 


1 

d 6 



d 5 




d 4 



d 3 



d 2 


1 
di 


do 


2 


2 




ORLA, Rr 


(A) — (A) OR (Rr) for 
r = 0-7 


Logical OR contents of designated register with accumulator. 





1 








1 


r 


r 




1 


1 




ORLA, @Rr 


(A) — (A) OR ((Rr)) for 
r = 0-1 


Logical OR indirect the contents of data memory location with 
accumulator. 





1 



















1 


1 




RLA 


(AN +1) — (AN);N = 0-6 
(Ao)*-(A 7 ) 


Rotate accumulator left by 1 bit without carry. 


1 


1 


1 








1 


1 




1 


1 




RLCA 


(AN + 1) — (AN); N = 0-6 
(An) — (C) 
(C)-(A 7 ) 


Rotate accumulator left by 1 bit through carry. 


1 


1 


1 


1 





1 


1 




1 


1 « 


i 


RRA 


(AN) — (AN+1);N = 0-6 
(A?) — (Ao) 


Rotate accumulator right by 1 bit without carry. 





1 


1 


1 





1 


1 




1 


1 





2> 

8 



o 

CD 

o 

CO 
01 

Z 

r 
X 




Instruction Set (cont) 





Function 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


D 7 


D 6 


D 5 


">4 


D3 


D 2 


D1 


D 


Bytes C AC FO F1 


Accumulator (cont) 


RRCA 


(AN) — (AN + 1);N = 0-6 

(A 7 )*-(C) 

(C)*-(A ) 


Rotate accumulator right by 1 bit through carry. 





1 


1 








1 


1 


1 


1 


1 • 




SWAP A 


(A4-A7) — (A0-A3) 


Swap the two 4-bit nibbles in the accumulator. 





1 











1 


1 


1 


1 


1 




XRLA,#data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


1 
d 7 


1 
<*6 



d 5 


1 

d 4 



d 3 




d 2 


1 
di 


1 

do 


2 


2 




XRLA, Rr 


(A) — (A)XOR(Rr)for 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


1 


1 





1 


1 


r 


r 


r 


1 


1 




XRLA,@Rr 


(A) — (A) XOR ((Rr)) for 
r = 0-1 


Logical XOR indirect the contents of data memory location with 
accumulator. 


1 


1 





1 











r 


1 


1 




Branch 


DJNZRr.addr 


(Rr) ~- (Rr) - 1; r = 0-7 
If (Rr) = 0; 
(PC -PC 7 )~-addr 


Decrement the specified register and test contents. 


1 
a 7 


1 
36 


1 

35 




34 


1 
33 


r 

32 


r 

31 


r 

30 


2 


2 




JBb addr 


(PC -PC 7 ) ^- addr it B b = 1 

(PC) *- (PC) + 2 if B b = 


Jump to specified address if accumulator bit is set. 


b 2 

a 7 


bi 

36 


bo 

35 


1 
34 




33 



32 


1 

31 




30 


2 


2 




JC addr 


(PC -PC 7 ) — addr if C = 1 
(PC) — (PC) + 2 if C = 


Jump to specified address if carry flag is set. 


1 

a 7 


1 
36 


1 
35 


1 
34 




33 


1 
32 


1 

31 




30 


2 


2 




JFOaddr 


(PC -PC 7 ) ^— addr if FO = 1 

(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


1 
a 7 



36 


1 

35 


1 

34 




33 


1 
32 


1 

31 




30 


2 


2 




JF1 addr 


(PC -PC 7 ) — addr if F1 = 1 

(PC) — (PC) + 2 if F1 = 


Jump to specified address if flag F1 is set. 



a 7 


1 
36 


1 
35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 




JMPaddr 


(PC 8 -PC 10 )— (addr 8 -addr 10 ) 
(PC -PC 7 ) *- (addr -addr 7 ) 
(PCfl) — DBF' 


Direct jump to specified address within the 2K address block. 


a-io 
a 7 


39 
36 


38 
35 




34 




33 


1 
32 



31 



30 


2 


2 




JMPP@A 


(PC -PC 7 )-((A)) 


Jump indirect to specified address with address page. 


1 





1 


1 








1 


1 


2 


1 




JNCaddr 


(PC -PC 7 ) — addr if C = 
(PC) — (PC) + 2 if C = 1 


Jump to specified address if carry flag is low. 


1 
a 7 


1 
36 


1 
35 




34 




33 


1 
32 


1 
31 



30 


2 


2 




JNI addr 


(PC -PC 7 ) — addr if I = 
(PC) — (PC) + 2 if I = 1 


Jump to specified address if interrupt is low. 


1 
a 7 



36 



35 



34 




33 


1 
32 


1 
31 



30 


2 


2 




JNTO addr 


(PC -PC 7 ) — addr if TO = 
(PC) *- (PC) +2 if TO = 1 


Jump to specified address if test is low. 



a 7 



36 


1 
35 




34 



33 


1 
32 


1 
31 



30 


2 


2 




JNT1 addr 


(PC0-PC7) *- addr if T1 = 
(PC) *- (PC) + 2 if T1 = 1 


Jump to specified address if test 1 is low. 



a 7 


1 
36 



35 




34 




33 


1 
32 


1 

31 



30 


2 


2 




JNZaddr 


(PC0-PC7) *- addr if A = 

(PC) — (PC)+2ifA = 1 


Jump to specified address if accumulator is non-zero. 


1 
a 7 



36 



35 


1 
34 



33 


1 
32 


1 
31 




3 


2 


2 




JTFaddr 


(PC0-PC7) *- addr if TF = 1 

(PC) — (PC)+2ifTF = 


Jump to specified address if timer flag is set to 1 . 



a 7 



36 



35 


1 
34 




33 


1 
32 


1 
31 



3 


2 


2 





O 

o 

01 
01 



CO 



8 



Instruction Set (cont) 





Function 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


D7 


D 6 


o s 


D 4 


D3 


D 2 


»1 


Do 


Bytes 4 


J AC FO F1 


Branch (cont) 


JTO addr 


(PC -PC 7 ) — addrifTO = 1 
(PC) — (PC) + 2 if TO = 


Jump to specified address if test is a 1. 




37 



36 


1 
35 


1 
34 




33 


1 
32 


1 

31 




30 


2 


2 




JT1 addr 


(PC0-PC7) *- addr if T1 = 1 
(PC) — (PC) + 2 if T1 = 


Jump to specified address if test 1 is a 1. 



37 


1 
36 




35 


1 
34 




33 


1 
32 


1 

31 




30 


2 


2 




JZaddr 


(PC -P.C 7 ) — addr if A = 
(PC) — (PC) +2if A = 1 


Jump to specified address if accumulator is 0. 


1 
37 


1 
36 



35 



34 



33 


1 
32 


1 
31 




30 


2 


2 




Control 


EN I 




Enable the external interrupt input. 

















1 







1 


1 




DIS I 




Disable the external interrupt input. 











1 





1 







1 


1 




ENTO CLK 




Enable the clock output pin TO. 





1 


1 


1 





1 







1 


1 




SELMBO 


(DBF) — 


Select bank (locations 0-2047) of program memory. 


1 


1 


1 








1 







1 


1 




SEL MB1 


(DBF) — 1 


Select bank 1 (locations 2048-4095) of program memory. 


1 


1 


1 


1 





1 







1 


1 




SEL RBO 


(BS) — 


Select bank (locations 0-7) of data memory. 


1 


1 











1 







1 


1 




SEL RB1 


(BS)*-1 


Select bank 1 (locations 24-31) of data memory. 


1 


1 





1 





1 







1 


1 




Data Moves 


MOV A, # data 


(A) — data 


Move immediate the specified data into the accumulator. 






d 6 


1 

d 5 




d 4 



03 



d 2 


1 

d 1 


do 


2 


2 




MOV A, Rr 


(A) — (Rr);r = 0-7 


Move the contents of the designated registers into the 
accumulator. 


1 


1 


1 


1 


1 


r 


r 




1 


1 




MOVA,@Rr 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of data memory location into the 
accumulator. 


1 


1 


1 


1 













1 


1 




MOV A, PSW 


(A) — (PSW) 


Move contents of the program status word into the 
accumulator. 


1 


1 











1 


1 




1 


1 




MOV Rr,# data 


(Rr) — data; r = 0-7 


Move immediate the specified data into the designated 
register. 


1 

<*7 



d 6 


1 

d 5 


1 

d 4 


1 

d 3 


r 
d 2 


r 
di 


do 


2 


2 




MOV Rr, A 


(Rr) — (A); r = 0-7 


Move accumulator contents into the designated register. 


1 





1 





1 


r 


r 




1 


1 




MOV @ Rr, A 


((Rr)) — (A); r = 0-1 


Move indirect accumulator contents into data memory location. 


1 





1 
















1 


1 




MOV@Rr, 
# data 


((Rr)) — data; r = 0-1 


Move immediate the specified data into data memory. 


1 
U7 





1 
d 5 


1 
d 4 



d 3 



d 2 




di 


do 


2 


2 




MOV PSW, A 


(PSW) *- (A) 


Move contents of accumulator into the program status word. 


1 


1 





1 





1 


1 




1 


1 




MOVPA,@A 


(PC -PC 7 ) — (A) 
(A) — ((PC)) 


Move data in the current page into the accumulator. 


1 





1 











1 




2 


1 




M0VP3A,@A 


(PC -PC 7 )-(A) 
(PC 8 -PC 10 ) — 011 
(A) — ((PC)) 


Move program data in page 3 into the accumulator. 


1 


1 


1 











1 


1 


2 


1 





8 



•V 
D 
00 

o 
w 

01 



00 




Instruction Set (cont) 












Description 


Operation Code 




Flags 


Mnemonic Function 


D 7 D 6 D5 D4 D3 D2 D1 Dq Cycles Bytes 


C 


AC FO F1 


Data Moves (cont) 



MOVX A, @ R 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of external data memory into the 
accumulator. 


1 






















2 1 




MOVX @ R, A 


((Rr)) — (A); r = 0-1 


Move indirect the contents of the accumulator into external 
data memory. 


1 








1 













2 1 




XCH A, Rr 


(A) ** (Rr); r = 0-7 


Exchange the accumulator and designated register's contents. 








1 





1 


r 


r 




1 1 




XCH A, @ Rr 


(A)**((Rr»;r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 








1 
















1 1 




XCHDA,@Rr 


(Ao-A 3 )**((Rr))o-((Rr)) 3 ; 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data 
memory. 








1 


1 













1 1 




Flags 


CPLC 


(C) — - NOT (C) 


Complement contents of carry bit. 







1 










1 




1 1 • 




CPLFO 


(FO) — NOT (FO) 


Complement contents of flag FO. 










1 












1 1 


• 


CPL F1 


(F1) — NOT (F1) 


Complement contents of flag F1. 







1 


1 












1 1 


• 


CLRC 


(C)-o 


Clear contents of carry bit to 0. 










1 







1 




1 1 • 




CLRFO 


(FO) — 


Clear contents of flag to 0. 























1 1 


• 


CLR F1 


(F1)-0 


Clear contents of flag 1 to 0. 







1 















1 1 


• 


Input/Output 


ANLBUS, 
# data 


(bus) — (bus) AND data 


Logical AND immediate specified data with contents of bus. 


07 



d 6 



d 5 


1 

d 4 


d 3 




d 2 




di 



do 


2 2 




ANL Pp, 
#data 


(Pp) — (Pp) AND data 
p = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


d7 



d 6 



d 5 


1 

d 4 


d 3 




d 2 


p 
dr 


P 
do 


2 2 




ANLD Pp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Logical AND contents of accumulator with designated port 
(4-7), 










1 




1 


p 


P 


2 1 




IN A, Pp 


(A)-(Pp);p = 1-2 


Input data from designated port (1-2) into accumulator. 



















p 


P 


2 1 




INS A, BUS 


(A) -(bus) 


Input strobed bus data into accumulator. 

























2 1 




MOVDA, Pp 


(A -A 3 )-(Pp);p = 4-7 
(A4-A7) — 


Move contents of designated port (4-7) into accumulator. 
















1 


p 


P 


2 1 




MOVD Pp, A 


(Pp)— (A0-A3); p = 4-7 


Move contents of accumulator to designated port (4-7). 








1 


1 




1 


p 


P 


2 1 




ORL BUS, 
# data ' 


(bus) — (bus) OR data 


Logical OR immediate specified data with contents of bus. 


1 
d 7 




d 6 



d 5 




d 4 


d 3 




d 2 



dl 



do 


2 2 




ORLDPp.A 


( Pp ) _ ( Pp ) 0R(A -A 3) ; 
p = 4-7 


Logical OR contents of accumulator with designated port 
(4-7). 


1 













1 


P 


P 


2 1 




ORLPp, 
#data 


(Pp) — (Pp) OR data 
p = 1-2 


Logical OR immediate specified data with designated port 
(1-2). 


1 

07 



d 6 



d 5 



d 4 


d 3 




d 2 


P 
di 


P 
do 


2 2 




OUTLBUS, A 


(bus) — (A) 


Output contents of accumulator onto bus. 




















1 





2 1 




OUTLPp.A 


(Pp) — (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 








1 


1 







P 


P 


2 1 





■0 


CD 

o 
w 

01 



00 



8 



Instruction Set (cont) 





Function 


Description 






Operation Code 








Flags 




Mnemonic 


o 7 


D 6 


D 5 


">4 


D 3 D 2 


l>1 


Do Cycles Bytes 


C 


AC FO 


F1 


Subroutine 


Registers 


DEC Rr (Rr) 


(Rr) — (Rr)-1;r = 0-7 


Decrement by 1 contents of designated register. 


1 


1 








1 r 


r 


r 1 1 








INCRr 


(Rr) — (Rr) + 1; r = 0-7 


Increment by 1 contents of designated register. 











1 


1 r 


r 


r 1 1 








INC@Rr 


((Rr))-((Rr)) + 1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 











1 








r 1 1 









CALLaddr ((SP)) — (PC), 

(PSW4-PSW7), 
(SP) — (SP) + 1 
(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PCn)-DBF 



Call designated subroutine. 



a-io ag ag 1 1 
a 7 a6 85 a$ a 3 a 2 ai ao 



8 



RET 


(SP) — (SP) = 1 
(PC) — ((SP)) 


Return from subroutine without restoring program status word. 1 














1 


1 2 1 


RETR 


(SP) — (SP) = 1 
(PC)-((SP)) 
(PSW4-PSW7) — ((SP)) 


Return from subroutine restoring program status word. 1 








1 





1 


1 2 1 


Timer/ Counter 



EN TCNTI 




Enable internal interrupt flag for timer/ counter output. 








1 








1 





1 1 1 


DIS TCNTI 




Disable internal interrupt flag for timer /counter output. 








1 


1 





1 





111 


MOVA.T 


(A)-(T) 


Move contents of timer /counter into accumulator. 



















1 


1 1 


MOVT.A 


(T)— (A) 


Move contents of accumulator into timer / counter. 







1 











1 


1 1 


STOPTCNT 




Stop count for event counter. 







1 








1 





1 1 1 


STRT CNT 




Start count for event counter. 
















1 





11 1 


STRTT 




Start count for timer. 










1 





1 





1 1 1 



Miscellaneous 



NOP 



No operation performed. 















Note: 

(1) Operation code designations r and p form the binary representation of the registers and ports involved. 

(2) The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

(3) References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

(4) Numerical subscripts appearing in the function column reference the specific bits affected. 

(5) When the bus is written to, with an OUTL instruction, the bus remains an output port until either device is reset or a MOVX instruction is excecuted. 



■ST 

O 
00 

o 

CO 

01 



CO 
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Instruction Set Symbol Definitions 



Operating Characteristics 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (12 bits) 


B b 


Bit designator (b= 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


D 


Nibble designator (4 bits) 


data 


Number of expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


I Interrupt 


P 


"In-page" operation designator 


Pp 


Port designator (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register designator (r=0, 1 or 0-7) 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


TO, T1 


Testable flags 0,1 


X 


External RAM 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


$ 


Program counter's current value 


(x) 


Contents of external RAM location 


(M) 


Contents of memory location addressed by the 
contents of external RAM location 


*- 


Replaced by 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


XOR 


Exclusive-OR 



Bus Output High Voltage vs. Source Current 





\Typ 


VcC = 4.5V 




\ 






\ 






\ 





Port P1 & P2 Output High Voltage vs. Source Current 



10O M a 



50 ^A 







Vcc = 4.5V 


Typ 













VOH2 



Bus Output Low Voltage vs. Sink Current 





y-Typ Vcc = 4.5V 
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//PD80C35/C48, //PD48 

8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The //PD80C35, yuPD80C48, and yuPD48 are true stand- 
alone 8-bit microcomputers fabricated using CMOS 
technology. All of the functional blocks necessary for 
an integrated microcomputer are incorporated, includ- 
ing a 1K-byte ROM (//PD80C48 only), a 64-byte RAM, 
27 I/O lines, an 8-bit timer/event counter, and a clock 
generator. This integrated capability permits use in 
stand-alone applications. For designs requiring extra 
capability, the//PD80C35///PD80C48 can be expanded 
using peripherals and is memory compatible with 
industry-standard 8080A/8085A processors. 

Providing compatibility with industry-standard 8048, 
8748, and 8035 processors, the //PD80C35///PD80C48 
features significant savings in power consumption. In 
addition to the power savings gained through CMOS 
technology, the ;uPD80C35/a/PD80C48 offers two 
standby modes (Halt and Stop modes) to further 
minimize power drain. 

Features 

□ 8-Bit CPU with memory and I/O on a single-chip 

□ Hardware/software-compatible with industry- 
standard 8048, 8748, and 8035 processors 

□ 1 K x 8 ROM OwPD80C48 only) 

□ 64 x 8 RAM 

□ 27 I/O lines 

□ 2.5-/us cycle time (6-MHz crystal) 

□ All instructions executable in 1 or 2 cycles 

□ 97 instructions: 70 percent are single-byte 
instructions 

□ Internal timer/event counter 

□ Two interrupts (external and timer) 

□ Easily expandable memory and I/O 

□ Bus compatible with 8080A/8085A peripherals 

□ Power-efficient CMOS technology requiring a 
single +2.5 to +6.0 V power supply 

□ Halt mode 

□ Stop mode 



Pin Configurations 

40-Pin Plastic DIP 



T0C 


T~\. 


J 40~h v cc 




XTAL1 C 


2 


39 3 T1 




XTAL2 C 


3 


38 3 P2 7 




RESET C 


4 


37 3 P2e 




SS C 5 


36 


3 P2 5 




INTC 


6 


35 


3 P24 




EAC 


7 


34 3 P1 7 




RD C 8 


33 


3 P1 6 




PSEN C 9 § 32 


3P15 




WR C 10 i< 


1 31 


3 P1 4 




ALE C 11 § 30 


3 P1 3 




DB C 12 £ 29 


3 P1 2 




Dfy C 13 


28 


3P1, 




DB 2 C 14 


27 


3 Plo 




DB 3 C 


15 


26 


3 V DD 




DB 4 C 16 


25 


3 PROG 




DB 5 C 17 


24 


3 P2 3 




DB 6 C 18 


23 


3 P2 2 




DB 7 C 19 


22 


3 P2i 




Vss C 20 


21 


3 P2o 


83-002861A 












52 Pin Plastic Miniflat 





zzo.£££EEE£Ez> 






f 52 51 50 49 48 47 46 45 44 43 42 41 40 > 




Near 


1 o M 


"TTINC 


P2 5 OE 


2 38 


ILTJPROG 


ncltt 


3 37 


ZDP23 


P26LTC 


4 36 


3TJP22 


P27LIE 


5 35 


1DP21 


TILTH 


6 34 


3DP20 


vcc nn 


7 /*PD80C48 33 


nuvcc 


nclte; 


8 32 


ZED Vss 


toUT. 


9 31 


TDDB? 


XTAL1CLE 


10 30 


ZDDBe 


XTAL2LTE 


11 29 


3TJDB 5 


RESET LIE 


12 28 


~rriDB 4 


NCLTE 


13 27 
k. 14 15 16 17 18 19 20 21 22 23 24 25 26 j 


TTINC 




O |W? 1*- < IQ IZ IOC UJ ox w co o 

z IK z uj K m % ™ « S m « z 

la 




830O2862A 
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Pin Configurations (cont) 

44-Pin Plastic Miniflat 



u 

z 




DC 

a 




h. 




>. 




i. 




i. 




> 




IS 

a 




o 




ID 

a 




m 

Q 



'DDI II 




P1n I II 




P1i I II 




P1 ? I II 




P1l I II 




PI4 I II 




P1^ I II 




NC I II 




P1R I II 




P17 I II 




P2/I I II 



r 44 43 

o 



Via 



II 1 DB ? 




II 1 DB ? 




II iDBi 




II I DBn 




II I ALE 




II I WR 




1 1 I PSEN 




II Inn 




II I EA 




II I INT 




II I SS 



Ordering Information 






Part 
Number 


Package 
Type 


Max Frequency 
of Operation 


ROM 


/uPD80C35C 


40-pin plastic DIP 


6 MHz 


None 


A<PD80C48C 


40-pin plastic DIP 


6 MHz 


1Kx8 


/UPD80C48G-00 


52-pin plastic 
miniflat 


6 MHz 


1Kx8 


/iPD48G-22 


44-pin plastic 
miniflat 


6 MHz 


1Kx8 



Note: 

//PD80C48C, /UPD80C48G-00, and //PD48G-22 have two optional 
port types: type 0, Ioh^ - 5/uA;type1, loH ==_50 M T ype0or1 can 
be selected independently for P1 -P1 7 , P2 -P2 3 , and P2 4 -P2 7 . 



Pin Identification 



Symbol 


Function 


TO 


TestO input/clock output 


XTAL1 


Crystal 1 input 


XTAL2 


Crystal 2 input 


RESET 


Reset input 


SS 


Software stop input 


INT 


Interrupt input 


EA 


External access input 


RD 


Read output 


PSEN 


Program store enable output 


WR 


Write output 


ALE 


Address latch enable output 


DB -DB 7 


Bidirectional data bus 


v S s 


Ground 


P2 -P2 7 


Quasi-bidirectional port 2 


PROG 


Program output 


Vdd 


Oscillator control voltage 


P10-P17 


Quasi-bidirectional port! 


T1 


Test 1 input 


Vcc 


Primary power supply 


NC 


No connection 



Pin Functions 

XTAL1 , XTAL2 [Crystals 1,2] 

XTAL1 and XTAL2 are the crystal inputs for the internal 
clock oscillator. XTAL1 is also used as an input for 
external clock signals. 

TO [Test 0] 

The JTO and JNTO instructions test the level of TO and, 
if it is high, the program address jumps to the specified 
address. TO becomes a clock output when the ENTO 
CLK instruction is executed. 

T1 [Tesfl] 

TheJTI and JNT1 instructions test the level of T1 and, 
if it is high, the program address jumps to the specified 
address. T1 becomes an internal counter input when 
the STRT CNT instruction is executed. 



RESET [Reset] 



RESET initializes the processo r and is also used to 
verify the internal ROM. RESET determines the oscilla- 
tion stabilizi ng time during the release of STOP mode. 
The RESET pulse width requires at least 5 machine 
cycles when the supply voltage is within specifications 
and the oscillation frequency is stable. 
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SS [Single Step] 

SS causes the processor to execute the program one 
step at a time. 

INT [Interrupt] 

INT starts an interrupt if interrupts are enabled. A reset 
disables an interrupt. INT can be tested with the JNI 
instruction and, depending on the results, a jump to 
the specified address can occur. 

EA [External Access] 

EA disables internal program memory and fetches and 
accesses external program memory. EA is used for 
system testing and debugging. 

RD [Read] 

RD enables a data read from external memory. 

WR [Write] 

WR enables a data write to external memory. 

PSEN [Program Store Enable] 

PSEN fetches instructions only from external program 
memory. 

ALE [Address Latch Enable] 

ALE occurs at each cycle. The falling edge of ALE 
addresses external data memory or external program 
memory. ALE can also be used as a clock output. 

DB0-DB7 [Data Bus] 

DB0-DB7 is a bidirectional port, which reads and writes 
data using RD and WR for latching. During an external 
program memory fetch, DB0-DB7 ou tput th e low-order 
eight bits of the memory address. PSEN fetches the 
instruction. DB0-DB7 also output the address of an 
external data memory fetch. The addressed data is 
read and written by RD and WR. 



P1 -Pl7[Port1] 

PI0-PI7 is an 8-bit quasi-bidirectional port. 

P2 -P2 7 [Port 2] 

P2 -P2 7 is an 8-bit quasi-bidirectional port. P2 -P2 3 
output the high-order four bits of the address during an 
external program memory fetch. P2o-P23 also function 
as a 4-bit I/O bus for the /uPD82C43 I/O port expander. 

PROG [Program Pulse] 

PROG is used as an output pulse during a fetch when 
interfacing with theyuPD82C43 I/O port expander. 

Vqd [Oscillator Control Voltage] 

Vqd stops and starts the oscillator in STOP mode. 
STOP mode is enabled by forcing Vqd low during a 
rest. 

Vcc [Primary Power Supply] 

Vcc is the primary power supply. Vcc must De between 
+2.5 V and +6.0 V for normal operation. In STOP mode, 
Vcc must De at ' east +20 V to ensure data retention. 

Vss [Ground] 

Vss is ground potential. 

NC [No Connection] 

NC is no connection. 
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Block Diagram 



Expansion to Additional 
External Memory and I/O 



Oscillator 
Frequency 







\ 




+ 480 


Test 
1 


1 




Timer and 
Event Counter 



Port 2 Latch (Low 4) 

and Expander 

Port NO 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



c 



Higher Program 
Counter (4) 



Resident Program Memory 

ROM mPD80C48 only 

1024 x 8 



Lower 
Program 
Counter 



Bus Latch 

Low Program 

Counter's Temp 

Register 


t 


Bus Buffer 



Program 
Status 
Word 



8-Bit Internal Bus 



Accumulator 
(8) 




Temporary 
Register (8) 




Flags 


I 










t 


Accumulator 
Latch 






Arithmetic 
Logic Unit 









Power 
Supply 



^> 



Instruction 
Register/ Decoder 



RAM Address 
Register 



*■ +2.5 V to +6.0 V 

SS 

►■ Ground 

Vdd Standby Power Control 



Decimal 
Adjust 



Conditional 
Branch 
Logic 



TestO 

Testl 

iNf 

FlagO 

Flagl 

Timer Flag 

Carry 

ACC 

ACC Bit Test 



Control and Timing 
XTAL XTAL 



RESET 



i i t j t tt j j rrr 

Low Interrupt Initialize I/O CPU/ Oscillator/ Address Program Single Read/Write 

Power Expander Memory Crystal Latch Memory Step Strobes 

Standby Strobe Separate Strobe/ Enable 

Control Cycle 

Clock 



Bus 
Buffer 

and 
Latch 
Portl 



Register 



Register 1 



Register 3 



Register 4 



Register 6 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bank 



Resident Data Memory 
-RAM (64 x 8) 



M PD80C35 does not include ROM. 



Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vrjrj 


V S s - 0.3 to +10 V 


Input voltage, Vin 


V ss -0.3toV cc +0.3V 


Output voltage, Vrj 


V ss -0.3toV C c+0.3V 


Operating temperature, Topj 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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DC Characteristics 

Standard Voltage Range 

T A = -40°Cto +85°C,V CC = +5V±10%,V SS = 0V 





Symbol 




Limits 


Unit 


Test 


Parameter 


Mln 


Typ Max 


Conditions 


Input voltage 
low 


V| L 


-0.3 


+0.8 


V 





Input voltage V|h Vcc -2 
high 



Vcc 



Except XTAL1, 
XTAL2, RESET 



V IH1 v cc-1 



Vcc 



RESET, XTAL1, 
XTAL2 



Output voltage Vql 
low 



+0.45 V l OL =2.0mA 



Output voltage Vqh 2.4 
high 



Bus, RD, WR, 
PSEN, ALE, PROG, 
TO;I O h=-100hA 



VomO) 2.4 



V l H = -5/iA(type 
0) port 1, port 2 



2.4 



V I OH =-50mA 
(type 1) port 1, 
port 2 



V H2 V CC -0.5 



V All outputs, 
l H=-0.2jiA 



Input current IilpO) 



-15 



-40 iA Port 1, port 2; 

V|N<V, L (type 0) 



-500 pA Port 1, port 2; 

V|N<V| L (type1) 





!|LC 


-40 


MA 


SS, RESET; . 
V|N<V| L 


Input leakage 
current 


"LI1 


±1 


ma 


ti,1nt,v C c; 
Vss<Vin<v cc 




>L12 


±3 


mA 


EA; V SS <V| N < 

Vcc 


Output leakage 
current 


Ilo 


±1 


^ 


V S s<V <Vcc 
High impedance, 
bus, TO 



Standby current Icci 



0.4 0.8 



mA Halt mode 
tcv=2.5/iS 





>CC2 


1 


20 


ma 


Stop mode 
(Note 2) 


Supply current 


■cc 


4 


8 


mA 


t CY =2.5MS 


Data retention 
voltage 


V CCDR 


2.0 




V 


Stop mode (V D n, 
RESET<0.4V) 



Extended Voltage Range 

T A = -40°Cto +85°C,V C c= +2.5 V to +6.0V,V SS 


= OV 




Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max Unit 


Conditions 


Input voltage 
low 


V|L 


-0.3 




+0.18V CC V 




Input voltage 
high 


V|H 


0.7V CC 




v cc v 


Except XTAL1, 
XTAL2 




V|H1 


0.8V CC 




v C c v 


XTAL1, XTAL2 


Output voltage 
low 


Vol 






+0.45 V 


lct = 1-0mA 



Output voltage 
high 



Vqh 0.75V CC 



Bus, RD, WR, 
PSEN, ALE, PROG, 
T0;l O H = -100jiA 



V H1 0.7V CC 



All other outputs; 
l H=-1p*A(type 
0) port 1, port 2 



0.7V CC 



All other outputs; 
l H=-10/iA(type 
1) port 1, port 2 



Input current 


■ll_P 


-15 -40 


^ 


Port 1, port 2; 
V|N<V| L (type0) 






-500 


V* 


Port 1, port 2; 
V| N <V| L (type1) 


Input leakage 
current 


IlL 


-40 


MA 


SS, RESET; V [N < 
Vil 




"LI1 


±1 


M 


T1 , INT, V ss 
<V|N<V C C 



E 





I|_I2 




±5 


ma 


EA; V SS 
<V| N <Vcc 


Output leakage 
current 


Ilo 




±1 


ma 


V S s<Vo<V C c, 
Bus, TO- high 
impedance state 


Supply current 


■cc 


0.8 


1.6 


mA 


V CC =3V, 
t CY =10 M s 






6 


12 


jiA 


V CC = 6V, 
t CY = 25 M s 



Standby current Icci 



100 200 M A 



Halt mode; 
V CC = 3V, 

t CY = 10/iS 



0.6 



1.2 



mA 



V CC = 6V, 
tcY = 2.5MS 



'CC2 



^ 



Stop mode, 
V CC =3V 



50 



M A V CC = 6V 



Note: 

(1) Types 0, 1 for ^PD80C48 only. 
Type O for ^PD80C35 only. 

(2) Input pin voltage is V|n < V| L , or V| N > V|h- 
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AC Characteristics 



Read, Write and Instruction Fetch: External Data and 
Program Memory 

T A = - 40°C to +85 °C, V cc = V DD = +5 V ±10%; V ss = V 
Limits 



V C C= v cc = 

+5V±10% 2.5 V to 6.0 V 



Test 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Unit Conditions 


ALE pulse width 


t|± 


400 




2160 




ns 


Address setup 
before ALE 


tAL 


120 




1620 




ns 


Address hold 
from ALE 


tLA 


80 




330 




ns (Note 1) 


Control pulse 
width (RD, WR, 
PSEN) 


{ CC 


700 




3700 




ns 


Data setup 
before WR 


tDW 


500 




3500 




ns 


Data hold after 
WR 


l WD 


120 




370 




ns (Note 2) 


Cycle time 


tCY 


2.5 


150 


10 


150 


MS 6MHZXTAL 


Data hold 


l DR 





200 





950 


ns 


PSEN.RDto 
data in 


l RD 




500 




2750 


ns 


Address setup 
before WR 


Uw 


230 




3230 




ns (Note 1) 


Address setup 
before data in 


{ AD 




950 




5450 




Address float to 
RD, PSEN 


*AFC 







500 




ns 


Control pulse to 
ALE 


l CA 


10 




10 




ns 



Port 2 Timing 

T A = -40°CtO +85°C,V cc = V D d= +5V±10%; V ss = 0V 
Limits 



V C C= v cc = 

+5V±10% 2.5 V to 6.0 V 



Test 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Unit Conditions 


Port control 
setup before 
falling edge of 
PROG 


trjp 


110 




860 




ns 


Port control hold 
after falling edge 
of PROG 


tpc 





80 





200 


ns (Note 4) 


PROG to time P2 
input must be 
valid 


tpR 




810 




5310 


ns 


Output data 
setup time 


l DP 


250 




3250 




ns (Note 3) 


Output data hold 
time 


IPD 


65 




820 




ns 


Input data hold 
time 


tpF 





150 





900 


ns 


PROG pulse 
width 


tpp 


1200 




6450 




ns 


Port 2 I/O data 
setup time 


IPL 


350 




2100 




ns 


Port 2 I/O data 
hold time 


tLP 


150 




1400 




ns 



Note: 

(1) Control outputs: C|_ = 80 pF, bus outputs: C|_ = 150 pF 

(2) C L = 20pF 

(3) Control outputs: C L = 80 pF 

(4) Refer to the operating characteristics curves for supply voltage and 
port control hold. 



Bus Timing Requirements (Note 1) 



Symbol 


Timing Formula 


Min/Max 


Unit 


tLL 


(7/30)t CY -170 


Min 


ns 


tAL 


(1/5)t CY -380 


Min 


ns 


tLA 


(1/30)t CY 


Min 


ns 


tec 


(2/5)t CY -300 


Min 


ns 


tDW 


(2/5)t CY -500 


Min 


ns 


l WD 


(1/30)t C Y+40 


Min 


ns 


l DR 


(1/10)t C Y-50 


Max 


ns 


tRD 


(3/10)t CY -250 


Max 


ns 


l AW 


(2/5)t CY -770 


Min 


ns 


tAD 


(3/5)t CY -550 


Max 


ns 


tAFC 


(1/15) tcY-165 


Min 


ns 



Symbol 


Timing Formula 


MinfMax 


Unit 


tcp 


(1/10) t CY - 140 


Min 


ns 


tpC2 


(4/15) t C Y- 200 


Min 


ns 


tpR 


(3/5)t CY -690 


Max 


ns 


tpF 


(1/10) t CY - 100 


Max 


ns 


tDP 


(2/5)t CY -750 


Min 


ns 


tpD 


(1/10)t CY -180 


Min 


ns 


tpp 


(7/10)t C Y-550 


Min 


ns 


IPL 


(7/30)t CY -230 


Min 


ns 


tLP 


(1/6)t CY -265 


Min 


ns 



Note: 

(1) Unlisted parameters are not affected by cycle time. 
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Timing Waveforms 

Instruction Fetch From External Memory 
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Functional Description 

Standby Function 

Halt Mode 

In Halt mode, the oscillator continues to operate, but 
the internal clock is disabled. The status of all internal 
logic just prior to execution of the HALT instruction is 
maintained by the CPU. In Halt mode, power consump- 
tion is less than 10 percent of normal J/PD80C48 opera- 
tion and less than 1 percent of normal 8048 operation. 

The Halt mode is initiated by execution o f the HA LT in- 
struction, and is released by either INT or RESET input. 

INT Input. When the INT pin receives a low-level input, if 
interrupts are enabled, the internal clock is restarted 
and the interrupt is executed after the first or second in- 
struction following the HALT instruction. However, if in- 
terrupts are disabled, program operation is resumed 
from the next address following the HALT instruction. 
The first instruction following a HALT instruction 
should be a NOP instruction to ensure proper program 
execution. 

If the Halt mode is released when interrupts are en- 
abled, the interrupt service routine is usually executed 
after the first or second instruction following the re- 
lease of Halt mode. However, if either a timer or external 
interrupt is accepted within one machine cycle prior to a 
HALT instruction, the corresponding timer or external 
interrupt service routine is executed immediately fol- 
lowing the release of Halt mode. It is important to note 
this sequence of execution when considering interrupt 
service routine execution following a HALT instruction. 



RESET Input. When a low-level input is received by the 
RESET pin, Halt mode is released and the normal reset 
operation is activated, restarting program operation 
from address 0. 

Stop Mode 

In Stop mode, the oscillator is deactivated and only the 
contents of RAM are maintained. The operation status 
of the mPD80C35/hPD80C48 resembles that of a reset 
condition. Because only the contents of RAM are main- 
tained, Stop mode provides even lower power consump- 
tion than Halt mode, only requiring a minimum Vcc as 
low as +2V. 

Stop mode is initiated by setting Vqd to low when RE- 
SET is low, to protect the contents of RAM. Stop mode is 
released by first raising the supply voltage at the Vcc 
pin from standby level to corre ct operating level and set- 
ting Vqd to high when RESET is low. After the oscillator 
has bee n restarted and the oscillation has stabilized, 
RESET must be set to high, whereby program operation 
is started from address 0. Figure 1 shows the Stop mode 
circuit. 



Figure 1. Stop Mode Circuit 
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(1)-D flip-flops must be CMOS (74C74 or equivalent). 

(2)- Designated gates must be CMOS (74C04 or equivalent). 



Stop Mode Circuit. Since Vdd controls the restarting of 
the oscillator, it is important that Vqd be protected from 
noise interference. The time required to reset the CPU is 
represented by ti (see figure 2), which is a minimum of 5 
machine cycles. The reset operation will not be com- 
pleted in less than 5 machine cycles. In Stop mode, it is 
important to note that if Vqd goes low before 5 machine 
cycles have elapsed, t he CPU will be deactivated and 
the output of ALE, RD, WR, PSEN, and PROG will not 
have been stabilized. 

Figure 2. Stop Mode Timing 
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Oscillation stabilization time is represented by X2 (see 
figure 2). When Vdd goes high, oscillator operation is re- 
activated, but it takes time before oscillation can be sta- 
bilized. In particular, such high Q resonators as crystals 
require longer periods to stabilize. Because there is a 
delay between restarting of the oscillator and oscillator 
stabilization, t2 should be long enough to ensure that 
the oscillator has been fully stabilized. 

To facilitate Stop mode contro l, an external capacitor 
can be connected to the RESET pin (see figure 3), affect- 
ing only t2, allowing control of the oscillator stabiliza- 
tion time. When Vdd is asserted i n Stop mode, the 
capa citor begins charging, pulling up RESET. When RE- 
SET reaches a threshold level equival ent to a logic 1, 
Stop mode is released. The time it takes RESET to reach 
the threshold level of logic 1 determines the oscillator 
stabilization time, which is a function of the capaci- 
tance and pull-up resistance values. 

Figure 3. Stop Mode Control Circuit 



- — °^- 



Vc 
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Vdd 



Note: (1)- Polarized electrolytic capacitor. 



Port lines PI0-PI7 and P24-P27 include a protective 
circuit "E" to prevent a signal conflict at the port. The 
circuit prevents a logic 1 from being written to a line that 
is being pulled down externally (see figure 4, Port Pro- 
tection Circuit E diagram). When a logic is detected at 
the port line and a logic 1 is written from the bus, the 
NOR gate sends a logic 1 to the D input of the flip-flop. 
The output is inverted, forcing the NAND gate to send a 
high-level output. This turns off transistor A, preventing 
the output of a logic 1 from the port. 

Figure 4. Port Protection Circuit E 
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Port Operation 

A port-loading option is offered at the time of ordering 
the mask. Individual source current requirements for 
Port 1 and the upper and lower halves of Port 2 may be 
factory set at either - 5^A or - 50juA (see Port-Loading 
Options table). The - 50>A option is required for inter- 
facing with TTL/NMOS devices. The — 5/uA option is 
recommended for interfacing to other CMOS devices. 
The CMOS option results in lower power consumption 
and greater noise immunity. 
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Port-Loading Options 

Iqh (min) V cc = V DD = 5 V ±10%; Vqh = 2.4 V (min) 



Figure 6. Crystal Frequency Reference Circuit 



Option 
Selected 


PI0-M7 


P2 -P2 3 


P2 4 -P2 7 


Unit 


A 


-5 


-5 


-5 


^ 


B 


-50 


-5 


-5 


kA 


C 


-5 


-50 


-5 


^ 


D 


-50 


-50 


-5 


^ 


E 


-5 


-5 


-50 


pA 


F 


-50 


-5 


-50 


M 


G 


-5 


-50 


-50 


^ 


H 


-50 


-50 


-50 


f^ 



Note: 

(1) The selection of Ioh = - 5^A will result in a port source current of 
lii_p= - 40 uA max when used as input port. 

(2) The selection of Ioh = - 50 ^A will result in a port source current of 
Iilp= - 500 \nk max when used as input port. 

Oscillator Operation 

The oscillator maintains an internal frequency for clock 
generation and controls all system timing cycles. The 
oscillation is initiated by either a self-generating exter- 
nal resonator or external clock input. The oscillator acts 
as a high-gain amplifier which produces square-wave 
pulses at the frequency determined by the resonator or 
clock source to which it is connected. 

To obtain the oscillation frequency, an external LC net- 
work (figure 5) may be connected to the oscillator, or, a 
ceramic or crystal external resonator (figure 6) may be 
connected. 




Notes: 

(1) Crystal oscillator constants of 

fOSC = 6MHz 
Rmax = 50S 
CL = 16±0.2pF 
P = 1i0.2mW 

(2) Operating frequency less than 4 MHz 

0<Ci«20pF 
0<C2<20pF 
|C2-Ct|<10pF 

(3) Operating frequency more than 4 MHz 

0<Ci«10pF 
0<C2<10pF 
|C2-Ci|«5pF 



As the crystal frequency is lowered, there is an equiva- 
lent reduction in series resistance (R). As the 
temperature of the crystal is lowered, R is increased. 
Due to this relationship, it becomes difficult to stabilize 
oscillation when there is low power supply voltage. 
When Vcc ' s ' ess than 2.7 V and the oscillator frequency 
is 3 MHz or less, Ta (ambient temperature) should not be 
less than - 10°C. 

Figures 7 and 8 show the ceramic resonator and exter- 
nal clock frequency reference circuits. Figure 9 shows 
the /iPD80C35/)nPD80C48 major I/O signals. 



Figure 5. LC Frequency Reference Circuit 
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Note: 

Cpp = 5 - 10pF. Pin to pin capacitance should be approximately 20pF, 

including stray capacitance. 



Figure 7. Ceramic Resonator 
Frequency Reference Circuit 






f 



i 



i 



Note: 

Ci>C 2 

|Ci-C 2 | = 20pF 

For example, Ci = 30 pF, and C2 = 10 pF. 

Values of C1 and C2 do not include stray capacitance. 
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Figure 8. External Clock Frequency Reference Circuit Figure 9. Major Input and Output Signals 
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Instruction Set 



Instruction Set Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program or data memory address (arj-a?) or 
(arj-aio) 


b 


Accumulator bit (b= 0-7) 


BS 


Bank switch 


BUS 


Bus 


C 


Carry flag 


CLK 


Clock 


CNT 


Counter 


data 


8-bit binary data {(Hq-6j) 


DBF 


Memory bank flip-flop 


FO, F1 


Flag 0, flag 1 


INT 


Interrupt pin 


n 


Indicates the hex number of the specified register 
or port 


PC 


Program counter 


Pp 


Portl, port 2, or ports 4-7 (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register (r= 0-7) 



Symbol 


Description 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


TO, T1 


Test 0, test 1 pin 


# 


: Prefix for immediate data 


@ 


Prefix for indirect address 


X 


Indicates the hex number corresponding to the 
accumulator bit or page number specified in the 
operand 


(x) 


Contents of RAM 


((x)) 


Contents of memory location addressed by (x) 


— 


Transfer direction, result 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


EXOR 


Exclusive-OR 




Complement 





E 
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DA A 





Function 


Description 


Hex 
Code 






< 


Operation Code 






Mnemonic 


D; 


»6 


D 5 


D 4 


o 3 


D 2 


»i 


Dq Cycles Bytes 


Accumulator 


ADD A, # data 


(A) — (A) + data 


Adds immediate data dQ-dj to the accumulator. Sets or clears both 
carry flags. (Note 2) 


03 



d 7 



d 6 



d 5 



d 4 



d 3 




d 2 


1 
di 


1 2 2 
do 


ADD A, Rr 


(A)~(A)+(Rr) 
r = 0-7 


Adds the contents of register Rr to the accumulator. Sets or clears 
both carry flags. (Note 2) 


6n(4) 





1 


1 





1 


r 


r 


r 1 1 


ADDA, @Rr 


(A) — (A)+((Rr)) 
r = 0-1 


Adds the contents of the internal data memory location specified by 
bits 0-5 of register Rr to the accumulator. Sets or clears both carry 
flags. (Note 2) 


6n(4) 





1 


1 














r 1 .1 


ADDC A, # data 


(A) — (A) + (C) + data 


Adds, with carry, immediate data dg-dz to the accumulator. Sets 
or clears both carry flags. (Note 2) 


13 



d 7 



d 6 



d 5 


d 4 



d 3 



d 2 


1 
di 


1 2 2 
do 


ADDCA, Rr 


(A) — (A)+(C)+(Rr) 
r = 0-7 


Adds, with carry, the contents of register Rr to the accumulator. 
Sets or clears both carry flags. (Note 2) 


7n(4) 





1 


1 




1 


r 


r 


r 1 1 


ADDC A, @ Rr 


(A) — (A)+(C)+((Rr)) 
r = 0-1 


Adds, with carry, the contents of the internal data memory location 
specified by bits 0-5 of register Rr, to the accumulator. Sets or 
clears both carry flags. (Note 2) 


7n(4) 





1 


1 













r 1 1 


ANLA,#data 


(A) — (A) AND data 


Takes the logical product (logical AND) of immediate data drj-d7 
and the contents of the accumulator, and stores the result in the 
accumulator. 


53 





1 
d 6 



d 5 


d 4 



d 3 



d 2 


1 

di 


12 2 
do 


ANLA, Rr 


(A) — (A)AND(Rr) 
r = 0-7 


Takes the logical product (logical AND) of the contents of register 
Rr and the accumulator, and stores the result in the accumulator. 


5n(4) 





1 







1 


r 


r 


r 1 1 


ANLA, @Rr 


(A) — (A)AND((Rr)) 
r = 0-1 


Takes the logical product (logical AND) of the contents of the 
internal data memory location specified by bits 0-5 of register Rr, 
and the accumulator, and stores the result in the accumulator. 


5n(4) 





1 
















r 1 1 


CPLA 


(A)*- (A) 


Takes the complement of the contents of the accumulator. 


37 








1 







1 


1 


1 1 1 


CLRA 


(A)-0 


Clears the contents of the accumulator. 


27 








1 








1 


1 


1 1 1 



Converts the contents of the accumulator to BCD. Sets or clears 
the carry flags. When the lower 4 bits (A0-A3) are greater than 9, 
or if the auxiliary carry flag has been set, adds 6 to (A0-A3). When 
the upper 4 bits (A4-A7) are greater than 9 or if the carry flag (C) 
has been set, adds 6 to (A4-A7). If an overflow occurs at this 
point, C is set. (Note 2) 



57 



DEC A 


(A) — (A)-1 


Decrements the contents of the accumulator by 1 . 07 

















1 


1 


1 


1 


1 


INC A 


(A)— (A)+1 


Increments the contents of the accumulator by 1. 17 











1 





1 


1 


1 


1 


1 


ORLA,#data 


(A) — (A) OR data. 


Takes the logical sum (logical OR) of immediate data d -d7 and the 43 
contents of the accumulator, and stores the result in the 
accumulator. 



d 7 


1 
d 6 



d 5 




d 4 



d 3 




d 2 


1 
di 


1 
do 


2 


2 


ORLA, Rr 


(A) — (A) OR (Rr) r = 0- 


7 Takes the logical sum (logical OR) of register Rr and the contents of 4n(4) 
the accumulator, and stores the result in the accumulator. 





1 
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r 


1 
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Instruction Set (cont) 





Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic Function 


D? 


»6 


D 5 D 4 D 3 D 2 


Dl 


Do 


Bytes 


Accumulator (cont) 


ORLA, @Rr (A) — (A)0R((Rr)) 
r = 0-1 


Takes the logical sum (logical OR) of the contents of the internal 
data memory location specified by bits 0-5 in register Rr, and the 
contents of the accumulator, and stores the result in the 
accumulator. 


4n(4) 





1 








r 


1 


1 



RLA 


(AN + 1)*-(AN) 
(Ao) — (A 7 )N = 0-6 




Rotates the contents of the accumulator one bit to the left. The 
MSB is rotated into the LSB. 


E7 


1 


1 1 








1 


1 1 1 


1 


RLCA 


(AN + 1)*-(AN);N = 
(Ao) — (C) 
(C)-(A 7 ) 


0-6 


Rotates the contents of the accumulator one bit to the left through 
carry. 


F7 


1 


1 1 


1 





1 


1 1 1 


1 


RRA 


(AN)*-(AN+1);N = 
(A 7 )-*-(Ao) 


0-6 


Rotates the contents of the accumulator one bit to the right. The 
LSB is rotated into the MSB. 


77 





1 1 


1 





1 


1 1 1 


1 


RRCA 


(AN)*- (AN +1);N = 

(A 7 )*-(C) 

(C)*-(A ) 


0-6 


Rotates the contents of the accumulator one bit to the right through 
carry. 


67 





1 1 








•I 


1 1 1 


1 


SWAP A 


(A 4 -A 7 )*— (A -A 3 ) 




Exchanges the contents of the lower 4 bits of the accumulator with 
the upper 4 bits of the accumulator. 


47 





1 








1 


1 1 1 


1 


XRLA,#data 


(A) *- (A) XOR data 




Takes the exclusive OR of immediate data drj-d 7 and the contents 
of the accumulator, and stores the result in the accumulator. 


D3 


1 


1 
<% d 5 


1 

d 4 



d 3 




d 2 


1 1 2 
d 1 d 


2 


XRLA, Rr 


(A)*-(A)X0R(Rr) 
r = 0-7 




Takes the exclusive OR of the contents of register Rr and the 
accumulator, and stores the result in the accumulator. 


Dn(4) 


1 


1 


1 


1 


r 


r r 1 


1 


XRLA,@Rr 


(A)*-(A)X0R((Rr)) 




Takes the exclusive OR of the contents of the location in data 


Dn(4) 


1 


1 


1 








r 1 


1 



r = 0-1 



memory specified by bits 0-5 in register Rr, and the accumulator, 
and stores the result in the accumulator. 



Branch 


DJNZ Rr, addr 


(Rr) *- (Rr) - 1; r = 0-7 
if (Rr) # 0; 

(PC -PC 7 ) — addr 


Decrements the contents of register Rr by 1, and if the result is 
equal to 0, jumps to the address indicated by arj-a 7 . 


not 


En 


1 

37 


1 

36 


1 
35 



34 


1 
33 


r 
32 


r 

31 


r 

30 


2 


2 


JBbaddr 


(PC -PC 7 )*-addrifb = 1 
(PC) = (PC) + 2 if b = 


Jumps to the address specified by an-a 7 if the bit in the 
accumulator specified by bn-b2 is set. 




x2(6) 


b 2 
37 


bi 

36 


bo 
35 


1 
34 



33 




32 


1 

31 




30 


2 


2 



8 



*£= 
"0 
O 
00 

o 
o 
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00 

■0 
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Instruction Set (cont) 



JNCaddr 





Function 


Description 


Hex 
Code 






< 


)peration Code 






Cycles 




Mnemonic 


">7 


D 6 


D 5 


D 4 


D 3 


D 2 


D1 


Do 


Bytes 


Branch (cont) 


JC addr 


(PC -PC 7 ) — addr if C = 1 
(PC) ^ (PC) + 2 if C = 


Jumps to the address specified by arj-a7 if the carry flag is set. 


F6 


1 
37 


1 
36 


1 

35 


1 
a 4 



33 


1 
32 


1 

31 





2 


2 


JFOaddr 


(PC -PC 7 )*- addr if FO = 1 
(PC) — (PC) + 2 if FO = 


Jumps to the address specified by a -a7 if FO is set. 


B6 


1 
37 



36 


1 
35 


1 

34 



33 


1 
32 


1 
31 



ao 


2 


2 


JF1 addr 


(PC0-PC7) — addr if F1 = 1 
(PC) *- (PC) + 2 if F1 = 


Jumps to the address specified by arj-a7 if F1 is set. 


76 



37 


1 
36 


1 
35 


1 

34 



33 


1 

32 


1 
31 




30 


2 


2 


JMPaddr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PC fl ) — DBF 


Jumps directly to the address specified by an-a-io and the DBF. 


x4(6) 


310 
37 


39 
36 


38 
35 




34 



33 


1 
32 




31 




30 


2 


2 


JMPP@A 


(PC0-PC7) — ((A)) 


Replaces the lower 8 bits of the program counter with the contents 
of program memory specified by the contents of the accumulator, 
producing a jump to the specified address within the current page. 


B3 


1 





1 


i 








1 


1 


2 


1 



(PC0-PC7) *- 

(PC)*- (PC) 



- addr if C = 
+ 2 if C = 1 



Jumps to the address specified by an-a7 if the carry flag is not set. E6 



1 
35 a 4 a 3 



1= 

U 
00 

o 
o 

CO 

Ul 

CO 

■0 

D 
00 



JNI addr 



(PC0-PC7) *- 
(PC) — (PC) 



-addr if I = 
+ 2 if I = 1 



Jumps to the address specified by arj-a7 if the interrupt flag is not 86 
set. 



10 
a 7 a 6 a 5 a 4 83 



32 



JNTOaddr 



(PC0-PC7) *- 
(PC)*- (PC) 



- addr if TO = 
+ 2ifT0 = 1 



Jumps to the address specified by a -a7 if test is low. 



26 



10 
a 7 a 6 as a 4 a 3 



JNT1 addr 



(PC0-PC7) - 
(PC)*- (PC) 



■addr if T1 = 
+ 2ifT1 = 1 



Jumps to the address specified by arj-a7 if test 1 is low. 



46 



10 
a 7 a6 85 a 4 a 3 



JNZaddr 



(PC0-PC7) - 
(PC)*- (PC) 



■addrifA#0 
+ 2ifA = 



Jumps to the address specified by a -a7 if the contents of the 
accumulator are not equal to 0. 



96 



10 10 
a 7 a6 a 5 a 4 a 3 



JTF addr 



(PC0-PC7) *- 
(PC)*- (PC) 



- addr if TF = 1 

+ 2ifTF = 



Jumps to the address specified by a -a7 if the timer flag is set. 
The timer flag is cleared after the instruction is executed. 





36 3 5 



JTO addr 



(PC0-PC7) *- 
(PC)*- (PC) 



■ addr if TO = 1 
+ 2 if TO = 



Jumps to the address specified by arj-a7 if test is high. 



36 



11 
a 7 a 6 a 5 a 4 



JT1 addr 



(PC0-PC7) *- 
(PC)*- (PC) 



-addr if T1 = 1 
+ 2ifT1 = 



Jumps to the address specified by arj-a7 if test 1 is high. 



56 



JZ 



(PC0-PC7) *- 
(PC)*- (PC) 



-addr if A = 
+ 2 if A = 1 



Jump to the address specified by aQ-a7 if the contents of the 
accumulator are equal to 0. 



C6 



110 110 
87 a6 a 5 a 4 a 3 a 2 ai ao 






Instruction Set (cont) 





Function 




Description 


Hex 
Code 






< 


)peration Code 






Mnemonic 


°7 


D 6 


D 5 


D4 


D 3 


o 2 


D1 


Do Cycles Bytes 


Control 


ENI 






Enables external interrupts. When external interrupts are enabled, 
a low-level input to the INT pin causes the processor to vector to 
the interrupt service routine. 


05 

















1 







DISI 






Disables external interrupts. When external interrupts are 
disabled, low-level inputs to the INT pin have no effect on program 
execution. 


15 











1 





1 







ENTO CLK 






Enables clock output to pin TO. 


75 





1 


1 


1 





1 







SEL MBO 


(DBF)^O 




Clears the memory bank flip-flop, selecting program memory bank 
(program memory addresses 0-2047(irj) )• Clears PCu after the 
next JMP or CALL instruction. 


E5 


1 


1 


1 








1 







SEL MB1 


(DBF) — 1 




Sets the memory bank flip-flop, selecting program memory bank 1 
(program memory addresses 2048-4095(i ) ). Sets PC11 after the 
next JMP or CALL instruction. 


F5 


1 


1 


1 


1 





1 







SEL RBO 


(BS)'*-0 




Selects data memory bank by clearing bit 4 (bank switch) of the 
PSW. Specifies data memory addresses 0-7(i ) as registers 0-7 of 
data memory bank 0. 


C5 


1 


1 











1 







SEL RB1 


(BS) — 1 




Selects data memory bank 1 by setting bit 4 (bank switch) of the 
PSW. Specifies data memory 24-31(10) as registers 0-7 of data 
memory bank 1. 


D5 


1 


1 





1 





1 







HALT 






Initiates halt mode. 


01 

























Data Moves 


MOV A, # data 


(A) — data 




Moves immediate data d -d7 into the accumulator. 


23 



d 7 



d 6 


1 

d 5 




d 4 



d 3 




d 2 


1 

di 


1 2 2 
do 


MOV A, Rr 


(A) — (Rr);r = 


= 0-7 


Moves the contents of register Rr into the accumulator. 


Fn(4) 


1 


1 


1 


1 


1 


r 


r 




MOV A, @ Rr 


(A)*-'((Rr));r 


= 0-1 


Moves the contents of internal data memory specified by bits 0-5 
in register Rr, into the accumulator. 


Fn(4) 


1 


1 


1 


1 













MOV A, PSW 


(A) — (PSW) 




Moves the contents of the program status word into the 
accumulator. 


C7 


1 


1 











1 


1 




MOV Rr,# data 


(Rr) — data; r 


= 0-7 


Moves immediate data dn-d7 into register Rr. 


Bn(4) 


1 

d 7 



d 6 


1 

d 5 


1 
d 4 


1 

d 3 


r 
d 2 


r 

di 


r 2 2 
do 


MOV Rr, A 


(Rr) — (A);r = 


= 0-7 


Moves the contents of the accumulator into register Rr. 


An(4) 


1 





1 





1 


r 


r 




MOV @ Rr, A 


((Rr)) — (A); r 


= 0-1 


Moves the contents of the accumulator into the data memory 
location specified by bits 0-5 in register Rr. 


An(4) 


1 





1 
















MOV @Rr,# data 


((Rr)) «- data; 


r = 0-1 


Moves immediate data d -d7 into the data memory location 
specified by bits 0-5 in register Rr. 


Bn(4) 


1 
d 7 





1 
d 5 


1 

d 4 



d 3 



d 2 



di 


r 2 2 
do 



f" Instruction Set (cont) 





Function 






Description 


Hex 
Code 








Operation Code 








Mnemonic 


D 7 


D 6 


D 5 


D 4 


D 3 


">2 


Dj Dg Cycles Bytes 


Data Moves (cont) 


MOV PSW, A 


(PSW) — (A) 






Moves the contents of the accumulator into the program status 
word. 


D7 




1 





1 





1 


1 1 


1 1 


M0VPA,@A 


(PC -PC 7 ) — 
(A) -((PC)) 


(A) 




Moves the contents of the program memory location specified by 
PCg-PC-n concatenated with the contents of the accumulator, into 
the accumulator. 


A3 







1 











1 1 


2 1 


M0VP3A,@A 


(PC0-PC7) *~ 

(PCrPCn) - 

(A) -((PC)) 


(A) 
001 




Moves the contents of the program memory location specified by 
0011 (PC8-PC11, page 3 of program memory bank 0) and the 
contents of the accumulator, into the accumulator. 


E3 




1 


1 











1 1 


2 1 


MOVX A, @ R 


(A) — ((Rr)); 


r = 


0-1 


Moves the contents of the external data memory location specified 
by register Rr, into the accumulator. 


8n(4) 



















r 


2 1 


M0VX@R,A 


((Rr)) - (A); 


r = 


0-1 


Moves the contents of the accumulator into the external data 
memory location specified by register Rr. 


9n(4) 










1 








r 


2 1 


XCH A, Rr 


(A)— (Rr); r 


= ( 


)-7 


Exchanges the contents of the accumulator and register Rr. 


2n(4) 








1 





1 


r 


r r 


1 1 


XCH A, @ Rr 


(A)-* ((Rr)) 


r = 


0-1 


Exchanges the contents of the accumulator and the contents of the 
data memory location specified by bits 0-5 in register Rr. 


2n(4) 








1 











r 


1 1 


XCHDA,@Rr 


(A0-A3)— ((Rr)) -((Rr)) 3 ; 
r = 0-1 


Exchanges the contents of the lower 4 bits of the accumulator with 
the contents of the lower 4 bits of the internal data memory location 
specified by bits 0-5 in register Rr. 


3n(4) 








1 


1 








r 


1 1 


Flags 


CPLC 


(C)-(C) 






Takes the complement of the carry bit. 


A7 







1 










1 1 


1 1 


CPLFO 


(FO) — (TO) 






Takes the complement of flag 0. 


95 










1 







1 


1 1 


CPL Ft 


(F1)-(F1) 






Takes the complement of flag 1 . 


B5 







1 


1 







1 


1 1 


CLRC 


(C)-0 






Clears the carry bit. 


97 










1 







1 1 


1 1 


CLRFO 


(FO) — 






Clears flag 0. 


85 


















1 


1 1 


CLRF1 


(F1)-0 






Clears flag 1. 


A5 


1 





1 








1 


1 


1 1 



Instruction Set (cont) 





Function 


Description 


Hex 
Code 






Operation Code 








Mnemonic 


D7 


">6 


D5 


D 4 


D 3 


D 2 


Dl 


Do 


Cycles Bytes 


Input /Output 


ANLBUS, 
#data 


(bus) — (bus) AND data 


Takes the logical AND of the contents of the bus and immediate 
data do-cJ7, and sends the result to the bus. 


98 


1 
d 7 



d 6 



d 5 


1 
d 4 


1 
d 3 



d 2 



dl 




do 


2 2 


ANLPp, 
#data 


(Pp) — (Pp) AND data; 
P = 1-2 


Takes the logical AND of the contents of designated port Pp and 
immediate data do-d7, and sends the result to port Pp for output. 


9n(5) 


1 
d 7 



d 6 



d 5 


1 
d 4 


1 
d 3 



d 2 


P 
di 


P 
do 


2 2 


ANLD Pp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Takes the logical AND of the contents of designated port Pp and the 
lower 4 bits of the accumulator, and sends the result to port Pp for 
output. 


9n(5) 


1 








1 


1 


1 


P 


P 


2 1 


IN A, Pp 


(A) ^ (Pp); p = 1-2 


Loads the accumulator with the contents of designated port Pp. 


0n(5) 














1 





P 


P 


2 1 


INS A, BUS 


(A)*- (bus) 


Loads the contents of the bus into the accumulator on the rising 
edge of RD. 


08 














1 











2 1 


MOVDA, Pp 


(A0-A3) — (Pp); p = 4-7 
(A 4 -A 7 ) — 


Moves the contents of designated port Pp to the lower 4 bits of the 
accumulator, and clears the upper 4 bits. 


0n(5) 














1 


1 


P 


P 


2 1 


MOVD Pp, A 


(Pp) — (A0-A3); p = 4-7 


Moves the lower 4 bits of the accumulator to designated port Pp. 
The upper 4 bits of the accumulator are not changed. 


3n(5) 








1 


1 


1 


1 


P 


P 


2 1 


ORLBUS, 
#data 


(bus) — (bus) OR data 


Takes the logical OR of the contents of the bus and immediate data 
do-d7, and sends the result to the bus. 


88 


1 

d 7 



d 6 



d 5 




d 4 


1 
d 3 




d 2 



di 



do 


2 2 


ORLD Pp, A 


(Pp)-(Pp)OR(A -A 3 ); 
p = 4-7 


Takes the logical OR of the contents of designated port Pp and the 
lower 4 bits of the accumulator, and sends the result to port Pp for 
output. 


8n(5) 


1 











1 


1 


P 


P 


2 1 


ORLPp, 
#data 


(Pp) — (Pp) OR data; 
p = 1-2 


Takes the logical OR of the contents of designated port Pp and 
immediate data dQ-dj, and sends the result to port Pp for output. 


9n(5) 


1 
d 7 



d 6 



d 5 




d 4 


1 
d 3 




d 2 


P 
di 


P 
do 


2 2 


OUTLBUS.A 


(bus) — (A) 


Latches the contents of the accumulator onto the bus on the rising 
edge of WR. 

Note: Never use the OUTL BUS instruction when using external 
program memory, as this will permanently latch the bus. 


02 




















1 





2 1 


OUTL Pp,A 


(Pp) — (A); p = 1-2 


Latches the contents of the accumulator into designated port Pp for 
output. 


3n(5) 








1 


1 


1 





P 


P 


2 1 


Registers 


DECRr 


(Rr) — (Rr) - 1; r = 0-7 


Decrements the contents of register Rr by 1. 


Cn(4) 


1 


1 








1 


r 


r 


r 


1 1 


INCRr 


(Rr) — (Rr) +1; r = 0-7 


Increments the contents of register Rr by 1. 


1n(4) 











1 


1 


r 


r 


r 


1 1 


INC@Rr 


((Rr))-((Rr))+1; 
r = 0-1 


Increments by 1 the contents of the data memory location specified 
by bits 0-5 in register Rr. 


1n(4) 











1 











r 


1 1 



8 



■o 

D 
00 

o 
o 

tn 
00 

o 

00 



f- Instruction Set (cont) 





Function 


Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic 


»7 


D 6 


D 5 D 4 D 3 D 2 


Di 


D 


Bytes 


Subroutine 



CALLaddr ((SP)) — (PC), (PSW4-PSW7) Stores the contents of the program counter and the upper 4 bits of x4(6) a^ ag ag 

(SP) — (SP) + 1 the PSW in the address indicated by the stack pointer, and a? a6 a$ 

(PCg-PC^o) — (addrg-addr-io) increments the contents of the stack pointer, calling the subroutine 

(PC0-PC7) — (addro-addr 7 ) specified by address a -aio and the DBF. 
(PCn) — DBF 



RET 


(SP) 
(PC) 


*-(SP)-1 
-((SP)) 


Decrements the contents of the stack pointer by 1 and stores, in 
the program counter, the contents of the location specified by the 
stack pointer, executing a return from subroutine without restoring 
the PSW. 


83 


1 

















1 1 


2 1 


RETR 


(SP) — (SP) - 1 
(PC) — ((SP)) 
(PSW4-PSW7) — ((SP)) 


Decrements the contents of the stack pointer by 1 and stores, in 
the program counter, the contents of the upper 4 bits of the PSW 
and the contents of the location specified by the stack pointer, 
executing a return from subroutine with restoration of the PSW. 


93 


1 








1 








1 1 


2 1 


Timer /Counter 


EN TCNTI 






Enables internal interrupt of timer / event counter. If an overflow 
condition occurs, then an interrupt will be generated. 


25 








1 








1 


1 


1 1 


DIS TCNTI 






Disables internal interrupt of timer /event counter. 


35 








1 


1 





1 


1 


1 1 


MOV A, T 


(A)* 


"(T) 


Moves the contents of the timer/ counter into the accumulator. 


42 





1 














1 


1 1 


MOV T, A 


(T)~ 


-(A) 


Moves the contents of the accumulator into the timer / counter. 


62 





1 


1 











1 


1 1 


STOPTCNT 






Stops the operation of the timer /event counter. 


65 





1 


1 








1 


1 


1 1 


STRT CNT 






Starts the event counter operation of the timer/ counter when T1 
changes from a low-level input to a high-level input. 


45 





1 











1 


1 


1 1 


STRT T 






Starts the timer operation of the timer/ counter. The timer is 
incremented every 32 machine cycles. 


55 





1 





1 





1 


1 


1 1 


Miscellaneous 


NOP 






Uses one machine cycle without performing any operation. 


00 























1 1 



Instruction Set (cont) 

Note: 

(1) Binary operation code designations r and p represent encoded values or the lowest-order bit value of specified registers and ports, respectively. 

(2) Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations. These instructions set the carry flags when there is an 
overflow in the accumulator (the auxiliary carry flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow. Flags that are specifically 
addressed by flag instructions are shown in the function equations for those instructions. 

(3) References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction. 

(4) The hex value of n for specific registers is as follows: 

a) Direct addressing 

RO: n = 8 R2: n = A R4: n = C R6: n = E 

R1: n = 9 R3: n = B R5: n = D R7: n = F 

b) Indirect addressing 

@ RO: n = @ R1: n = 1 

(5) The hex value of n for specific ports is as follows: 
P1: n = 9 P4: n = C P6: n = E 

P2: n = A P5: n = D P7: n = F 

(6) The hex value of x for specific accumulator or address bits is as follows: 



rl 

8 



a) JBb instruction 
B : x = 1 B 2 : x = 5 
Bi: x = 3 B 3 : x = 7 

b) JMP instruction 

Page 0: x = Page 2: x = 4 
Page 1: x = 2 Page 3: x = 6 

c) CALL instruction 

Page 0: x = 1 Page 2: x = 5 



B 4 : x = 9 
B 5 : x = B 



B 6 : x = D 
B 7 : x = F 



Page 4: x = 8 
Page 5: x = A 



Page 6: x = C 
Page 7: x = E 



1 4: x = 9 Page 6: x = D 



Page 1: x = 3 Page 3: x = 7 Page 5: x = B Page 7: x = F 



■o 

O 
00 

o 
o 

CO 
Ol 

00 

*: 
T> 
O 
*> 
00 



//PD80C35/C48, fjPD4Q 
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Operating Characteristics 
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5 0.5 



■i 0.2 

3 „. 



Supply Current vs. Oscillation Frequency 



| Max 



-iyp- 



-icci 



-icci- 



TVp 



0.5 



1 



Oscillation Frequency, f (MHz), (f = 15 tcY) 



Port Control Hold After PROG, tpc Max fcPD80C48), 

and Address to Output Delay, 

tACC Min (/jPD82C43), vs. Supply Voltage 




Supply Voltage, Vcc (V) 



o 10 



Cycle Time vs. Supply Voltage 















































Ope rat 


on Guarantee 
Area 
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Current Consumption as a Function of Temperature — 
Normal Operating Mode 











f=6MHz 
Vcc = 5.5V 








ice 






























icci 


Halt Mode 



















Supply Voltage, Vcc (V) 



Temperature, Ta (°C) 



Supply Current vs. Oscillation Frequency 









1 ^ 












^^-^[Max 
[ 'cc^ 














iyp 












ic 


i-—-" — 












ic 


Max 

i— "■ 






























Vcc= 


5.5 V 



Oscillation Frequency, f (MHz), (f =15/tcy) 



Current Consumption as a Function of Operating 
Frequency — Normal Operating Mode 



10 
























\ 


C( 




5. 


5V 


































8 


































































6 


































































? 4 


















Max^< 
















































o 
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4-232 



Oscillator Frequency (MHz) 

Note: External oscillation is for frequency less than 1 MHz. 
Internal oscillation requires more power. 



NEC 



//PD80C35/C48, //PD48 



Operating Characteristics (cont) 



Output High Current vs. Output High Voltage 



Output High Current vs. Output High Voltage 











Vcc = 4-5V 








\iyp 










Min 













Vcc = 4.5V 








\jyp 










^Min ^< 





Output High Voltage, Vqh (V) 



Output High Voltage, Vqhi (V) 



Output High Current vs. Supply Voltage 



Output High Current vs. Supply Voltage 



a. S. 































V0H1 = 2.4V 



Supply Voltage, Vcc (V) 




E 



Supply Voltage, Vcc (V) 



Output Ljow Current vs. Supply Voltage 



Output Low Current vs. Output Low Voltage 























tt : 








vol = 0.45 V 









Vcc = 4.5 V 



Supply Voltage, Vcc (V) 



0.5 
Output Low Voltage, Vol (V) 



4-233 



//PD80C35/C48, //PD48 



NEC 



Operating Characteristics (cont) 



Current Consumption as a Function 
of Temperature — Stop Mode 



















^^Max 










^ — Typ 


V C c = S.5V 



-40 25 



Temperature, Ta (°C) 



4-234 



NEC 

NEC Electronics Inc. 



M PD8039HL/49H, M PD8749H 

HIGH-SPEED, 8-BIT, SINGLE-CHIP 

HMOS MICROCOMPUTERS 



Description 

The NEC mPD8039HL, /uPD8049H and the M PD8749H are 
high performance, single component, 8-bit parallel 
microcomputers using n-channel silicon gate MOS 
technology. The processors differ only in their internal 
program memory options: the jiPD8049H has 2Kx8 
bytes of mask ROM, the M PD8749H has 2Kx8 of UV 
erasable EPROM and the nPD8039HL has external 
program memory. 

The /iPD8049H family functions efficiently in control as 
well as arithmetic applications. The powerful 
instruction set eases bit handling applications and 
provides facilities for binary and BCD arithmetic. 
Standard logic functions implementation is facilitated 
by the large variety of branch and table look-up 
instructions. The instruction set is comprised of 1 and 2 
byte instructions, most of which are single-byte. The 
instruction set requires only 1 or 2 cycles per instruction 
with over 50 percent of the instructions single-cycle. 

The j^PD8049H family of microprocessors will function 
as stand-alone microcomputers. Their functions can 
easily be expanded using standard 8080A/8085A 
peripherals and memories. The^PD8039HL is intended 
for applications using external program memory only. It 
contains all the features of the ^PD8049H except for the 
internal ROM. The external program memory can be 
implemented using standard 8080A/8085A memory 
products. The ptPD8049H contains the following 
functions usually found in external peripheral devices: 
2048x8 bits of mask ROM program memory; 128x8 
bits of RAM data memory; 27 I/O lines; an 8-bit interval 
timer/event counter; and oscillator and clock circuitry. 
The pjPD8749H differs from the M PD8049H in its 
2048 x 8-bit UV erasable EPROM program memory 
instead of the mask ROM memory. It is useful in 
preproduction or prototype applications where the 
software design has not yet been finalized or in system 
designs whose quantities do not require a mask ROM. 

Features 

□ High performance 11 MHz operation 

□ Fully compatible with industry standard 
8039/8049/8749 

□ Pin compatible with the jiPD8048/8748 

□ 1.36^s cycle time. All instructions 1 or 2 bytes 

□ Programmable interval timer/ event counter 

□ 2K x 8 bytes of ROM , 128 x 8 bytes of RAM 



□ External and internal interrupts 

□ 96 instructions: 70 percent single byte 

□ 27 I/O lines 

□ Internal clock generator 

□ Expandable with 8080A/8085A peripherals 

□ HMOS silicon gate technology 

D Single +5 V± 10 percent power supply 



Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


M PD8039HLC 


40-pin plastic DIP 


11WIHz 


f iPD8049HC 


40-pin plastic DIP 


11MHz 


M PD8749HC 


40-pin plastic DIP 


11MHz 


HPD8749HD 


40-pin cerdip (Note 1) 


11MHz 



Note: 

(1) With quartz window. 



Pin Configuration 






















TO C 


1 


40 


3 V CC 


XTAL1 C 


2 




39 


HT1 




XTAL2 C 


3 




38 


3 P2 7 




RESET C 


4 




37 


3 P2 6 




ss c 


5 




36 


3 P2 5 




iNT C 


6 




35 


3 P2 4 




EA C 


7 




34 


3 P1 7 




RD C 


8 


X 

9 


33 


3 P1 6 




PSEN C 


9 


CO 


32 


3 P1 5 




WR C 


10 


X 


31 


3 P1 4 




ALE € 


11 


J 


30 


3 P1 3 




DB C 


12 


en 


29 


3 P1 2 




DBi C 


13 


eo 

Q 


28 


3P1i 




DB 2 C 


14 


3. 


27 


3 P1 




DB 3 C 


15 




26 


3 V DD 




DB 4 C 


16 




25 


3 PROG 




DB 5 C 


17 




24 


3 P2 3 




DB 6 C 


18 




23 


3 P2 2 




DB 7 C 


19 




22 


3 P2i 




V SS C 


20 




21 


3 P2 
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Pin Identification 




No. 


Symbol 


Function 


1 


TO 


Test input /output 


2 


XTAL1 


Crystal 1 input 


3 


XTAL2 


Crystal 2 input 


4 


RESET 


Reset input 


5 


SS 


Single step input 


6 


In? 


Interrupt input 


7 


EA 


External access input 


8 


RD 


Read output 


9 


PSEN 


Program store enable output 


10 


WR 


Write output 


11 


ALE 


Address latch enable output 


12-19 


DB -DB 7 


Bidirectional data bus 


20 


Vss 


Ground 


21-24 


P2 -P2 7 


Quasi-bidirectional Port 2 


25, 35-38 


PROG 


Program output 


26 


Vdd 


RAM power supply 


27-34 


P10-P17 


Quasi-bidirectional Port 1 


39 


T1 


Test 1 input 


40 


Vcc 


Primary power supply 



Pin Functions 

XTAL1 (Crystal 1) 

XTAL1 is one side of the crystal, LC, or external fre- 
quency source (non-TTL-compatible Vm)- 

XTAL2(Crystal2) 

XTAL2 is the other side of the crystal or frequency 
source. For external sources, XTAL2 must be driven with 
the logical complement of the XTAL1 input. 

TOCTestO) 

TO is the testable input using conditional transfer func- 
tions JTO and JNTO. The internal state clock (CLK) is 
available to TO using the ENTO CLK instruction. TO can 
also be used during programming as a testable flag. 

T1(Test1) 

T1 is the testable input using conditional transfer func- 
tions JT1 and JNT1. T1 can be made the counter/timer 
input using the STRT CNT instruction. 



RESET (Reset) 



SS (Single Step) 

An active low on SS, together with ALE, causes the 
processor to execute the program one step at a time. 

[NT (Interrupt) 

An active low on iNT starts an interrupjMf interrupts are 
enabled. A reset disables an interrupt. INT can be tested 
with the JNI instruction and, depending on the results, a 
jump to the specified address can occur. 

EA (External Access) 

An active high on EA disables internal program memory 
and fetches and accesses external program memory. 
EA is used for system testing and debugging. 

RD(Read) 

RD will pulse low whenjhe processor performs a bus 
read. An active low on RD enables data Onto the proces- 
sor bus from a peripheral device and functions as a read 
strobe for external data memory. 

WR (Write) 

WR will pulse low when the processor performs a bus 
write. WR can also function as a write strobe for exter- 
nal data memory. 



PSEN (Program Store Enable) 



An a ctive low on RESET initializes the processor. RE- 
SET is also used for PROM programming verification 
and power-down (non-TTL compatible Vih). 



PSEN becomes active only during an external memory 
fetch. (Active low). 

ALE (Address Latch Enable) 

ALE occurs at each cycle. ALE can also be used as a 
clock output. The falling edge of ALE addresses exter- 
nal data memory or external program memory. 

DB0-DB7 (Data Bus) 

DB0-DB7 is a bidirectional port. Synchronous reads and 
writes can be performed on this port using RD and WR 
strobes. The contents of the DB0-DB7 bus can be 
latched in a static mode. 

During an external memory fetch, DB0-DB7 outp ut the 
low order eight bits of the memory address. PSEN 
fetches the instruction. DB0-DB7 also output the ad- 
dress of an external data memory fetch. The addressed 
data is controlled by ALE, RD, and WR. 

P1 -Pl7(Port1) 

PI0-PI7 is an 8-bit quasi-bidirectional port. 
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P2 -P2 7 (Port2) 

P2o-P27 is an 8-bit quasi-bidirectional port. P2rj-P23 
output the high order four bits of the address during an 
external program memory fetch. P2rj-P23 also function 
as a 4-bit I/O bus for the jnPD82C43 I/O port expander. 

PROG (Program Pulse) 

PROG is used as an output pulse during a fetch when 
interfacing with the/iPD82C43 I/O port expander. When 
the nPD8049H is used i n a stand-alone mode, PROG can 
be allowed to float. 



Vqd (RAM Power Supply) 

Vqd provides +5V to the 128 x 8-bit RAM section. Dur- 
ing normal operation, Vcc must also be +5 V to provide 
power to the other functions in the device. During 
standby operation, Vdd must remain at +5 V while Vcc 
is at ground potential. 

Vss (Ground) 

Vss is ground potential. 



Vcc (Primary Power Supply) 

Vcc is the primary power supply. Vcc is +5V during 
normal operation. 



Block Diagram 



Expansion to Additional 
External Memory and I/O 



Oscillator 
Frequency 



Tinier and 
Event Counter 



c 







Bus Buffer 
Port 2 




Port 2 Latch (Low 4) 

and Expander 

Port I/O 


Port 2 
Latch 
(High 4) 




8 


Higher Program 
Counter (4) 


t« 


t« 






U 



Resident Program Memory 

ROM (mPD8049H only) 

1024 x 8 



Lower 
Program 
Counter 



Bus Latch 

Low Program 

Counter's Temp 

Register 



T 



Program 
Status 
Word 



8-Bit Internal Bus 



Accumulator 
(8) 




Temporary 
Register (8) 


Flags 






I 








* 




Accumulator 
Latch 






Arithmetic 
Logic Unit 
S. (ALU) 

(8) 





























Power 
Supply " 



- Vcc Program Supply 

- Vqd +5 V (Low Power Standby) 
" Vss Ground 



Decimal 
Adjust 



Instruction 
Register/ Decoder 




RAM Address 
Register 


t 












-. — TestO 






- — Testl 






-» — INT 




Conditional 
Branch 
Logic 


■* — FlagO 
■* — Flagl 
■* — Timer Flag 
■* — Carry 




- — ACC 








— ACCB 


tTest 





Control and Timing 
XTAL XTAL 



RESET PROG 



II t t t I I I It 



Interrupt Initialize PROM/ External Oscillator/ Address Program 
Expander Memory Crystal Latch Memory 

Strobe Access Strobe/ Enable 

Cycle 
Clock 



Single 



Read/Write 
Strobes 



Note: |iPD8039HL does not include ROM. 



;=> 



Bus 
Buffer 

and 
Latch 
Portl 



Multiplexer 



Register 



Register 1 



Register 2 



Register 3 



Register 4 



Register 5 



Register 6 



Register 7 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bank 



Resident Data Memory - 
RAM (128 x 8) 



E 
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Logic Symbol 



XTAL-J *" 




-*-^-*-Port1 






n_— * 




*-2-*Port2 










Reset — ►■ 








Single 
Step — *" 


X 


►• Read 




External ». 

Memory 


□ 


»• Write 




Test -i 

Interrupt — ►■ 

8 
Bus-* — ►• 




^. Program Store 

Enable 
^ Address Latch 

Enable 
, Port Expander 

Strobe 


83-0O2892A 





Absolute Maximum Ratings 

T A = 25°C 




Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 


Voltage on any pin 


- 0.5 V to +7.0 V (Note 1) 


Power dissipation, Prj 


1.5W 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits 
described in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T A = 0°Cto +70°C,V C c = V DD = +5V±10%,V SS = 0V 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


Input low 
voltage (All 
except XTAL1, 
XTAL2) 


VlL 


-0.5 




0.8 


V 


Input high 
voltage (All 
except XTAL1, 
XTAL2, RESET) 


V|H 


2.0 




Vcc 


V 


Input high 
voltage (XTAL1, 
XTAL2, RESET) 


V|H1 


3.8 




Vcc 


V 


Output low 
voltage (BUS, 
RD.WR, PSEN, 
ALE) 


Vol 






0.45 


V l L=2.0mA 


Output low 
voltage (All 
others except 
PROG) 


V0L1 






0.45 


V l 0L = 2.0 mA 


Output low 
voltage (PROG) 


V 0L2 






0.45 


V l L=2.0mA 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Output high Vqh 
voltage (•••) 


2.4 






V 


l0H=-400ftA 


Output high Vqhi 
voltage (RD, 
WR, PSEN, ALE) 


2.4 






V 


l H=-400/iA 


Output high VrjH2 
voltage (all other 
outputs) 


2.4 






V 


l H=-40fiA 


Input leakage I n_ 
current (T1, EA, 
INT) 






±10 


lA 


Vss<V|n«Vcc 



Input leakage 
current 

(PI0-PI7. 

P2 -P2 7 , EA, 
SS) 



-500 



f*A V S s+ 0.45 V 
< V| N < V CC 



Output leakage Ilo 
current (BUS, 
TO, high 
impedance 
state) 



±10 



MA V CC >V| N >V SS + 
0.45V 



Power down 


•dd 




5 


10 


mA T A =25°C 


supply current 




2 


5 


8749H only 


Total supply 


Idd+ 
'cc 




80 


110 


mA T A =25°C 


current 




85 


110 


8749H only 


DC Programming Characteristics 

T A = 25 C±5°C,V CC = +5V±5%,V DD = +21V±0.5V 




Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


V D rj program 
voltage high 
level 


V DDH 


20.5 




21.5 


V 


V DD program 
voltage low level 


V DDL 


4.75 




5.25 


V 


PROG program 
voltage high 
level 


Vp H 


17.5 




18.5 


V 


PROG voltage 
low level 


VPL 


4.0 




Vcc 


V 


EA program/ 
verify voltage 
high level 


V EAH 


17.5 




18.5 


V 


Vdd ni 9 n voltage 
supply current 


Idd 






20.0 


mA 


PROG high 
voltage supply 
current 


'PROG 






1.0 


mA 


EA high voltage 
supply current 


Iea 






1.0 


mA 



4-238 



NEC 



M PD8039HL/49H, H PD8749H 



AC Characteristics 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%,V SS = 0V 





Symbol 




Limits 


Test 


Parameter 


Min 


Typ Max 


Unit Conditions 


ALE pulse width 


t|± 


150 




ns 


Address setup 
to ALE 


tAL 


70 




ns 


Address hold 
from ALE 


tLA 


50 




ns 


Control pulse 
width (RD, WR) 


l CC1 


480 




ns 


Control pulse 
width (PSEN) 


tCC2 


350 




ns 


Data setup 
before WR 


tnw 


390 




ns 


Data hold after 
WR 


%D 


40 




ns (Note 2) 


Data hold (RD, 
PSEN) 


*DR 





110 


ns 


RD to data in 


tRD1 




350 


ns 


PSEN to data in 


*RD2 




210 


ns 


Address setup 
toWR 


Uw 


300 




ns 


Address setup 
to data (RD) 


Um 




750 


ns 


Address setup to t/^ 
data (PSEN) 




480 


ns 


Address float to 
RD.WR 


*AFC1 


140 




ns 


Address float to 
PSEN 


l AFC2 


10 




ns 


ALE to control 
(RD, WR) 


l LAFC1 


200 




ns 


ALE to control 
(PSEN) 


l LAFC2 


60 




ns 


Control to ALE 
(RD, WR, PROG) 


tCA1 


50 




ns 


Control to ALE 
(PSEN) 


*CA2 


320 




ns 


Port control 
setup to PROG 


l CP 


100 




ns 


Port control hold 
to PROG 


tprj 


160 




ns 


PROG to P2 
input valid 


l PR 




650 


ns 


Input data hold 
from PROG 


IPF 





140 


ns 


Output data 
setup 


l DP 


400 




ns 


Output data hold tpn 


90 




ns 


PROG pulse 
width 


tpp 


700 




ns 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Port 2 I/O data t PL 
setup to ALE 


160 






ns 




Port 2 I/O data t LP 
hold to ALE 


40 






ns 




Port output from tpv 
ALE 






510 


ns 




Cycle time trjy 


1.36 




15 


iiS 




I / rep rate tnpRR 


270 






ns 





Note: 

(1) Control outputs: C L = 60 pF, bus outputs: C|_ = 150 pF 

(2) Bus high impedance, load = 20 pF 

(3) Calculated values will be equal to or better than published 8049 
values. 

AC Programming Characteristics 

T A = 25°C±5 C,V C c= +5V±5%,V DD = +21V±0.5V 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Address setup 
timetoRESETt 


l AW 


4t CY 








Address hold 
time after 
RESETt 


l WA 


4t C y 








Data in setup 
time to PROG t 


l DW 


4t C y 








Data in hold time 
after PROG 1 


*WD 


4t CY 








RESET hold time 
to verify 


l PH 


4t CY 








Vdd 


tVDDW 





1.0 


ms 




Vdo hold time 
after PROG \ 


%DH 





1.0 


ms 




PROG pulse 
width 


tpw 


50 


60 


ms 




TEST0 setup 
time for program 
mode 


t"TW 


4t C y 








TEST0 hold time 
after program 
mode 


tWT 


4t CY 








TEST0 to data 
out delay(1) 


l D0 




4t CY 






RESET pulse 
width to latch 
address 


tww 


4t CY 








V DD and PROG 
rise and fall 
times 


tr.tf 


0.5 


100 


MS 





E 
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AC Programming Characteristics (cont) 

T A = 25°C±5 C,V C c= +5V+5%,V DD = +21V±0.5V 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


TVP 


Max 


Conditions 


CPU operation tcy 
cycle time 


4.0 




15 


MS 




RESET setup t RE 
time before EAf 


4t CY 











Note: 

(1) Control outputs: C L = 60 pF, bus outputs: Cl = 150 pF 

(2) Bus high impedance, load = 20 pF 

(3) Calculated values will be equal to or better than published 8049 
values. 

Bus Timing Requirements 



Symbol 


Timing Formula 


Mln/Max 


Unit 


III 


(7/30)t C Y-170 


Min 


ns 


tAL 


(2/15) toy- 110 


Min 


ns 


tLA 


(1/15)t C Y-40 


Min 


ns 


l CC1 


■ (1/2)t C Y-200 


Min 


ns 


trjC2 


(2/5)t CY -200 


Min 


ns 


tow 


(13/30)t CY -200 


Min 


ns 


%D 


(1/15)t CY -50 


Min 


ns 


*DR 


(1/10)t C Y-30 


Max 


ns 


*RD1 


(2/5)t CY -200 


Max 


ns 


l RD2 


(3/10)t C Y-200 


Max 


ns 


l AW 


(1/3)t C Y-150 


Min 


ns 


UD1 


(11/15)t C Y-250 


Max 


ns 


*AD2 


(8/15)tcY-250 


Max 


ns 


tAFC1 


(2/15)t C Y-40 


Min 


ns 


UFC2 


(1/30)t CY -40 


Min 


ns 


l LAFC1 


(1/5)t CY -75 


Min 


ns 


l LAFC2 


(1/10)t CY -75 


Min 


ns 


l CA1 


(1/15)t CY -40 


Min 


ns 


l CA2 


(4/.15)t C Y-40 


Min 


ns 


l CP 


(2/15)t C Y-80 


Min 


ns 


tpc 


(4/15) t C Y- 200 


Min 


ns . 


*PR 


(17/30)t CY -120 


Max 


ns 


IPF 


(1/10)t CY 


Max 


ns 


l DP 


(2/5) tcY-150 


Min 


ns 


tpo 


(1/10) tcY-50 


Min 


ns 


tpp 


(7/10)t C Y-250 


Min 


ns 


tPL 


(4/15)t C Y-200 


Min 


ns 


tLP 


(1/10) t C Y- 100 


Min 


ns 


tpv 


(3/10) t CY - 100 


Max 


ns 


l 0PRR 


■ (3/15)t CY 


Min 


ns 


trjY 


11MHz 




MS 



Timing Waveforms 

Instruction Fetch from External Memory 



■_r 



L 



|*-tCC2-4*-'CA2^ 



U-tDR* 



Floating J f Address J . Floating j 'instruction J . Floating Y 



Read from External Data Memory 



■_r 



L 



[*-tLL— 4* 'LAFC1 "f* - ' 001- n*~ ,CA1 H 



k»DR* 



Floating jf Address J. Floating .( Data V Floating 



Write to External Memory 



J 



L 



-« tLAFCI «-U— tcC1 »|« tCA1-»-| 



■ tAW »-| tDW- - — 4*twD» 



Floating V Address Y Floating V Data V Floating 
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Timing Waveforms (cont) 

Port 2 Timing 



'^\ 



r^v 



Expander 

Port X PCH X p2 0" p2 3 Data X Port Control X 0u, P utData 



X 



Expander 
Port 
Input 



X 



" X "" X^-"-°-x 



«-tPD 




Waveforms for Programming the \jlPD8749H 



~\ 



-Program- 






-Verify- 



/ ^ 



-Program- 



►■« — 4-tWA 



Data To Be 
Programmed Valid 



T^ — / 

*-tDO-H 

) ( X %£ r ""\ 



P2 °- P * Address ) ( 



-twT- 



Next Address 
Valid 



X 



Address (8-9) Valid 



X 



Next Address 



7 



\ 



JT\ 



4-tWD 



s 



Program/Verify Timing (ROM/EPROM) 
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TO 
RESET 


\ / \ 


/ \ 


DB0-DB7 


) ( Address,0-7>Va,id X *£2* ) ( 


MextAddress X oSXS )~ " 


P2 -P2i 


A A 
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Functton 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


">7 


Do 


D 5 


">4 


»3 


D 2 


">i 


Do 


Bytes C AC FO F1 


Accumulator 


ADD A, # data 


(A) — (A) + data 


Add immediate the specified data to the accumulator. 



d 7 



d 6 



d 5 




d 4 



d 3 




d 2 


1 
di 


do 


2 


2 « 




ADDA, Rr 


(A) — (A)+(Rr) 
r = 0-7 


Add contents of designated register to the accumulator. 





1 


1 





1 


r 


r 




1 


1 < 




ADD A, @ Rr 


(A) — (A)+((Rr)) 
r = 0-1 


Add indirect the contents of the data memory location to the 
accumulator. 





1 _ 


1 
















1 


1 < 




ADDCA,#data 


(A) — (A) + (C) + data 


Add immediate with carry the specified data to the 
accumulator. 



d 7 



d 6 



d 5 


d 4 



d 3 




d 2 


1 
di 


do 


2 


2 < 




ADDC A, Rr 


(A) — (A)+(C)+(Rr) 
r = 0-7 


Add with carry the contents of the designated register to the 
accumulator. 





1 


1 




1 


r 


r 




1 


1 < 




ADDC A, @ Rr 


(A) — (A)+(C)+((Rr)) 
r = 0-1 


Add indirect with carry the contents of data memory location to 
the accumulator. 





1 


1 















1 


1 « 




ANLA,#data 


(A) — (A) AND data 


Logical AND specified immediate data with accumulator. 



d 7 


1 

d 6 



d 5 


d 4 




d 3 



d 2 


1 

di 


do 


2 


2 




ANLA, Rr 


(A) — (A) AND (Rr) 
r = 0-7 


Logical AND contents of designated register with accumulator. 





1 







1 


r 


r 




1 


1 




ANLA,@Rr 


(A) — (A)AND((Rr)) 
r = 0-1 


Logical AND indirect the contents of data memory with 
accumulator. 





1 


















1 


1 




CPLA 


(A) — NOT (A) 


Complement the contents of the accumulator. 








1 







1 


1 




1 


1 




CLRA 


(A)-0 


Clear the contents of the accumulator. 








1 








1 


1 




1 


1 




DAA 




Decimal adjust the contents of the accumulator. 





1 










1 


1 




1 


1 ' 


» 


DEC A 


(A)-(A)-1 


Decrement by 1 the accumulator's contents. 

















1 


1 




1 


1 




INC A 


(A)*-(A)+1 


Increment by 1 the accumulator's contents. 
















1 


1 




1 


1 




ORLA,#data 


(A) — (A) OR data 


Logical OR specified immediate data with accumulator. 



d 7 


1 
d 6 




d 5 




d 4 



d 3 




d 2 


1 

di 


do 


2 


2 




ORLA, Rr 


(A) — (A)OR(Rr) 
r = 0-7 


Logical OR contents of designated register with accumulator. 





1 








1 


r 


r 




1 


1 




ORLA, @Rr 


(A) — (A)0R((Rr)) 
r = 0-1 


Logical OR indirect the contents of data memory location with 
accumulator. 





1 



















1 


1 




RLA 


(AN+1)~-(AN);N = 0-6 
(Ao)*-(A 7 ) 


Rotate accumulator left by 1 bit without carry. 


1 


1 


1 








1 


1 




1 


1 




RLCA 


(AN + 1)*-(AN);N = 0-6 
(A ) — (C) 
(C)-(A 7 ) 


Rotate accumulator left by 1 bit through carry. 


1 


1 


1 


1 





1 


1 




1 


1 « 


i 


RRA 


(AN) — (AN +1);N = 0-6 
(A 7 ) — (A ) 


Rotate accumulator right by 1 bit without carry. 





1 


1 


1 





1 


1 




1 


1 





■0 
O 
CO 

o 

CO 
<0 



<0 



o 

00 

2 

<0 



3t 

8 



Instruction Set (cont) 





Function 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


D7 


D6 


D5 


D 4 


D 3 


D 2 


Dl 


Do 


Bytes C AC FO F1 


Accumulator (cont) 


RRCA 


(AN) — (AI\l+1);N = 0-6 
(A 7 ) — (C) 
(C) — (An) 


Rotate accumulator right by 1 bit through carry. 





1 


1 








1 


1 


1 


1 


1 • 




SWAP A 


(A4-A7) — (A0-A3) 


Swap the 2 4-bit nibbles in the accumulator. 





1 











1 


1 


1 


1 


1 




XRLA,#data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


1 


1 
d 6 



d 5 


1 
d 4 



d 3 



d 2 


1 
°1 


1 

do 


2 


2 




XRLA, Rr 


(A) — (A) XOR (Rr) 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


1 


1 





1 


1 


r 


r 


r 


1 


1 




XRLA,@Rr 


(A)-(A)XOR((Rr)) 
r = 0-1 


Logical XOR indirect the contents of data memory location with 
accumulator. 


1 


1 





1 











r 


1 


1 




Branch 


DJNZ Rr, addr 


(Rr) — (Rr)-1;r = 0-7 
lf(Rr)#0; 
(PC0-PC7) — addr 


Decrement the specified register and test contents. 


1 

37 


1 

36 


1 

35 




34 


1 

33 


r 

32 


r 

31 


r 

30 


2 


2 




JBbaddr 


(PC0-PC7) — addr if B b = 1 
(PC) — (PC) + 2 if B b = 


Jump to specified address if accumulator bit is set. 


b 2 
37 


bi 
36 


bo 
35 


1 

34 



33 



32 


1 

31 




30 


2 


2 




JC addr 


(PC0-PC7) — addr if C = 1 
(PC) — (PC) + 2if C = 


Jump to specified address if carry flag is set. 


1 
37 


1 
36 


1 
35 


1 
34 



33 


1 

32 


1 
31 



30 


2 


2 




JFOaddr 


(PC -PC 7 ) — addr if FO = 1 
(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


1 
37 



36 


1 

35 


1 

34 



33 


1 
32 


1 
31 



30 


2 


2 




JF1 addr 


(PC0-PC7) — addr if F1 = 1 
(PC) — (PC) + 2 if F1 = 


Jump to specified address if flag F1 is set. 



37 


1 
36 


1 

35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 




JMPaddr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PCn) - DBF 


Direct jump to specified address within the 2K address block. 


310 
37 


39 
36 


38 

35 



34 



33 


1 
32 



31 



30 


2 


2 




JMPP@A 


(PC -PC 7 )-((A)) 


Jump indirect to specified address with address page. 


1 





1 


1 








1 


1 


2 


1 




JNCaddr 


(PC0-PC7) — addr if C = 
(PC) — (PC) + 2 if C = 1 


Jump to specified address if carry flag is low. 


1 
37 


1 
36 


1 
35 




34 



33 


1 
32 


1 
31 



30 


2 


2 




JNI addr 


(PC0-PC7) — addr if I = 
(PC) — (PC) + 2 if I = 1 


Jump to specified address if interrupt is low. 


1 
37 



36 




35 




34 



33 


1 
32 


1 
31 



30 


2 


2 




JNTO addr 


(PC -PC 7 ) — addr if TO = 
(PC) — (PC) +2 if TO = 1 


Jump to specified address if test is low. 



37 




36 


1 

35 




34 



33 


1 
32 


1 

31 




30 


2 


2 




JNT1 addr 


(PC -PC 7 )- addr if T1 = 
(PC) — (PC) + 2 if T1 = 1 


Jump to specified address if test 1 is low. 



37 


1 
36 




35 




34 



33 


1 
32 


1 
31 



30 


2 


2 




JNZaddr 


(PC -PC 7 )- addrifA#0 
(PC) — (PC) + 2 if A = 1 


Jump to specified address if accumulator is non-zero. 


1 
37 



36 




35 


1 
34 



33 


1 

32 


1 
31 



30 


2 


2 




JTF addr 


(PC -PC 7 )- addr if TF = 1 
(PC) — (PC)+2ifTF = 


Jump to specified address if timer flag is set to 1. 



37 



36 



35 


1 

34 



33 


1 
32 


1 
31 



30 


2 


2 





8 



D 
00 

o 

CO 
<0 



(0 



D 
CO 

2 

<0 



Instruction Set (cont) 





Function 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


D7 


D 6 


D 5 


D4 


D3 


D 2 


Dl 


Do 


Bytes C AC FO F1 


Branch (cont) 


JTO addr 


(PC -PC 7 ) —addr if TO = 1 

(PC) — (PC) +2 if TO = 


Jump to specified address if test is a 1. 




37 



36 


1 
35 


1 

34 




33 


1 

32 


1 
31 



30 


2 


2 




JT1 addr 


(PC -PC 7 ) — addr if T1 = 1 
(PC) — (PC) + 2 if T1 = 


J ump to specif ied address if test 1 is a 1 . 



37 


1 
36 



35 


1 
34 



33 


1 

32 


1 
31 




30 


2 


2 




JZaddr 


(PC0-PC7) — addr if A = 
(PC)— (PC) + 2if A = 1 


Jump to specified address if accumulator is 0. 


1 
37 


1 
36 



35 




a 4 



33 


1 

32 


1 
31 



30 


2 


2 




Control 


EN I 




Enable the external interrupt input. 

















1 







1 


1 




DISI 




Disable the external interrupt input. 











1 





1 







1 


1 




ENTO CLK 




Enable the clock output pin TO. 





1 


1 


1 





1 







1 


1 




SELMBO 


(DBF)— 


Select bank (locations 0-2047) of program memory. 


1 


1 


1 








1 







1 


1 




SELMB1 


(DBF) — 1 


Select bank 1 (locations 2048-4095) of program memory. 


1 


1 


1 


1 





1 







1 


1 




SELRBO 


(BS)— 


Select bank (locations 0-7) of data memory. 


1 


1 











1 







1 


1 




SELRB1 


(BS)-1 


Select bank 1 (locations 24-31) of data memory. 


1 


1 





1 





1 







1 


1 




Data Moves 


MOV A, # data 


(A) — data 


Move immediate the specified data into the accumulator. 



d 7 



d 6 


1 
d 5 



d 4 



d 3 



d 2 


1 

dl 


do 


2 


2 




MOV A, Rr 


(A) — (Rr); r = 0-7 


Move the contents of the designated registers into the 
accumulator. 


1 


1 


1 


1 


1 


r 


r 




1 


1 




MOVA,@Rr 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of data memory location into the 
accumulator. 


1 


1 


1 


1 













1 


1 




MOV A, PSW 


(A) — (PSW) 


Move contents of the program status word into the 
accumulator. 


1 


1 











1 


1 




1 


1 




MOV Rr,# data 


(Rr) — data; r = 0-7 


Move immediate the specified data into the designated 
register. 


1 
d 7 



d 6 


1 

d 5 


1 

d 4 


1 

d 3 


r 
d 2 


r 
di 


do 


2 


2 




MOV Rr, A 


(Rr)— (A);r = 0-7 


Move accumulator contents into the designated register. 


1 





1 





1 


r 


r 




1 


1 




MOV@Rr,A 


((Rr))-(A);r = 0-1 


Move indirect accumulator contents into data memory location. 


1 





1 
















1 


1 




MOV @ Rr, 
#data 


((Rr)) — data; r = 0-1 


Move immediate the specified data into data memory. 


1 
d 7 



d 6 


1 
d 5 


1 

d 4 



d 3 



d 2 





do 


2 


2 




MOV PSW, A 


(PSW) — (A) 


Move contents of accumulator into the program status word. 


1 


1 





1 





1 


1 




1 


1 




MOVPA,@.A 


(PC -PC 7 ) — (A) 
(A) -((PC)) 


Move data in the current page into the accumulator. 


1 





1 











1 




2 


1 




M0VP3A,@A 


(PC -PC 7 ) — (A) 
(PC 8 -PC 10 ) — 011 
(A) — ((PC)) 


Move program data in page 3 into the accumulator. 


1 


1 


1 











1 


1 


2 


1 
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Instruction Set (cont) 


























Function 


Description 






Operation Code 








Flags 


Mnemonic 


D7 


D 6 


D 5 


D 4 


D3 


D 2 


D1 


Do 


Cycles Bytes ( 


; AC FO F1 


Data Moves (cont) 


M0VXA,@R 


(A) — ((Rr));r = 0-1 


Move indirect the contents of external data memory into the 
accumulator. 


1 




















r 


2 1 




MOVX @ R, A 


((Rr)) — (A); r = 0-1 


Move indirect the contents of the accumulator into external 
data memory. 


1 








1 











r 


2 1 




XCH A, Rr 


(A) ** (Rr); r = 0-7 


Exchange the accumulator and designated register's contents. 








1 





1 


r 


r 


r 


1 1 




XCH A, @ Rr 


(A)~((Rr));r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 








1 














r 


1 1 




XCHDA,@Rr 


(A -A 3 )~((Rr)) -((Rr)) 3 ; 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data 
memory. 








1 


1 











r 


1 1 




Flags 


CPLC 


(C) — NOT(C) 


Complement contents of carry bit. 







1 










1 


1 


1 1 


• 


CPLFO 


(FO) — NOT (FO) 


Complement contents of flag FO. 










1 










1 


1 1 


• 


CPLF1 


(F1) — NOT (F1) 


Complement contents of flag F1. 







1 


1 










1 


1 1 


• 


CLRC 


(C)-0 


Clear contents of carry bit to 0. 










1 







1 


1 


1 1 


> 


CLRFO 


(FO)— 


Clear contents of flag to 0. 





















1 


1 1 


• 


CLRF1 


(F1)— 


Clear contents of flag 1 to 0. 







1 













1 


1 1 


• 


Input /Output 


ANL BUS, 
#data 


(bus) — (bus) AND data 


Logical AND immediate specified data with contents of bus. 


d 7 



d 6 



d 5 


1 

d 4 


d 3 



d 2 



di 



do 


2 2 




ANLPp, 
#data 


(Pp) — (Pp) AND data 
p = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


d 7 



d 6 



d 5 


1 

d 4 


d 3 




d 2 


P 
di 


P 
do 


2 2 




ANLD Pp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Logical AND contents of accumulator with designated port 
(4-7). 










1 




1 


P 


P 


2 1 




IN A, Pp 


(A) — (Pp); p = 1-2 


Input data from designated port (1-2) into accumulator. 



















P 


P 


2 1 




INS A, BUS 


(A) — (bus) 


Input strobed bus data into accumulator. 

























2 1 




MOVDA, Pp 


(A -A 3 ) — (Pp); p = 4-7 
(A 4 -A 7 ) — 


Move contents of designated port (4-7) into accumulator. 
















1 


P 


P 


2 1 




MOVD Pp, A 


(Pp) — (A0-A3); p = 4-7 


Move contents of accumulator to designated port (4-7). 








1 


1 




1 


P 


p 


1 1 




ORLBUS, 
#data 


(bus) — (bus) OR data 


Logical OR immediate specified data with contents of bus. 


1 
d 7 



d 6 



d 5 




d 4 


d 3 




d 2 




di 




do 


2 2 




ORLD Pp, A 


(Pp)-(Pp)OR(A -A 3 ); 
p = 4-7 


Logical OR contents of accumulator with designated port 
(4-7). 


1 













1 


P 


P 


1 1 




ORLPp, 
#data 


(Pp) — (Pp) OR data 
p = 1-2 


Logical OR immediate specified data with designated port 
(1-2). 


1 
d 7 



d 6 



d 5 




d 4 


d 3 




d 2 


P 
di 


P 
do 


2 2 




t OUTLBUS.A 
10 


(bus) — (A) 


Output contents of accumulator onto bus. 




















1 





1 1 




£ OUTL Pp, A 


(Pp) — (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 








1 


1 







P 


p 


1 1 
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Instruction Set (cont) 






















Function 


Description 






Operation Code 








Flags 




Mnemonic 


">7 


»6 


D 5 D 4 D 3 D 2 


«>1 


Do Cycles Bytes 


C 


AC FO 


F1 


Registers 


DEC Rr (Rr) 


(Rr) — (Rrj - 1; r = 0-7 


Decrement by 1 contents of designated register. 


1 


1 


1 r 


r 


"r 1 1 








INC Rr 


(Rr) — (Rr)+1;r = 0-7 


Increment by 1 contents of designated register. 








1 1 r 


r 


r 1 1 








INC @ Rr 


{(Rr)) — ((Rr)) +1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 








10 





r 1 1 








Subroutine 



CALLaddr ((SP)) — (PC), 

(PSW4-PSW7), 
(SP) — (SP) + 1 
(PC 8 -PC 10 )— (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PCn) - DBF 



Call designated subroutine. 



a 10 a 9 a 8 1 1 2 
a 7 a 6 a 5 a 4 a 3 a 2 a-\ a 



RET 


(SP) — (SP) = 1 
(PC)— ((SP)) 




Return from subroutine without restoring program status word. 


1 

















1 


1 2 1 


RETR 


(SP) — (SP) = 1 
(PC)-((SP)) 

(PSW4-PSW7) — 


((SP)) 


Return from subroutine restoring program status word. 


1 








1 








1 


1 2 1 


Timer/ Counter 


EN TCNTI 






Enable internal interruptflagfortimer/counter output. 








1 








1 





1 1 1 


DIS TCNTI 






Disable internal interrupt flag for timer/ counter output. 








1 


1 





1 





111 


MOVA.T 


(A)— (T) 




Move contents of timer/ counter into accumulator. 



















1 


1 1 


MOVT.A 


(T)-(A) 




Move contents of accumulator into timer/ counter. 







1 











1 


1 1 


STOPTCNT 






Stop count for event counter. 







1 








1 





1 1 1 


STRT CNT 






Start count for event counter. 
















1 





1 1 1 


STRTT 






Start count for timer. 










1 





1 





1 1 1 


Miscellaneous 


NOP 






No operation performed. 























1 1 



Note: 

(1) Operation code designations r and p form the binary representation of the registers and ports involved. 

(2) The dot under the appropriate flag bit indicates that its contents are subject to change by the instruction it appears in. 

(3) References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

(4) Numerical subscripts appearing in the function column reference the specific bits affected. 

(5) When the bus is written to with an OUTL instruction, the bus remains an output port until either the device is reset or a MOVX instruction is executed. 
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Instruction Set Symbol Definitions 



Operating Characteristics 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (12 bits) 


Bb 


Bit designator (b = 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


D 


Nibble designator (4 bits) 


data 


Number of expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


I Interrupt 


P 


"In-page" operation designator 


Pp 


Port designator (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register designator (r=0, 1 or 0-7) 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


TO, T1 


Testable flags 0, 1 


X 


External RAM 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


$ 


Program counter's current value 


(x) 


Contents of external RAM location 


((x)) 


Contents of memory location addressed by the 
contents of external RAM location 


- 


Replaced by 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


EXOR 


Exclusive-OR 



Bus Output High Voltage vs. Source Current 





\Typ 


Vcc = 4.5V 




\ 






\ 






\ 





VOH 



Port P1 & P2 Output High Voltage vs. Source Current 



100 ,i A 



50 /i A 







V C c = 4.5V 


Typ 













VOH2 



Bus Output Low Voltage vs. Sink Current 





/Typ V C c = 4.5V 
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NEC Electronics Inc. 



juPD80C39H/49H, M PD49H 

HIGH-SPEED, 8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The mPD80C39H, M PD80C49H, and l«PD49H are single- 
chip, 8-bit microcomputers containing an 8-bit CPU, 
ROM (80C49H and 49H), RAM, I/O ports, and control cir- 
cuitry. Through CMOS technology, the devices can re- 
tain data with low power consumption. In addition, the 
processor uses two standby modes (HALT and STOP) to 
further minimize power drain. 

Features 

□ 98 instructions 

□ 1.25 ys instruction cycle time (12 MHz crystal) 

□ Addition, logic, and decimal adjust functions 

□ 2K x 8-bit ROM (/iPD80C49H and M PD49H) 

□ 256 x 8-bit RAM 

□ Standby function 

□ 8-level stack 

□ Two sets of working registers 

□ Interrupt capability 

□ Two test inputs 

□ Internal timer/event counter 

□ Input/output ports (8 bits x 2) 

— Data bus alternative to I/O ports (8 bits x 1) 

□ Expandable memory and I/O ports 

□ Single-step function 

□ Internal clock generator 

□ CMOS technology 

□ Single power supply of +2.5 to +6.0 V 

□ Intel 8049H, 8039H pin compatible 



Item 


M PD80C49H 


MPD80C49 


Instructions 


98 (STOP instruction 
added) 


97 


Instruction Cycle 


1.25/iS(12MHz 
crystal) 


1.875ns (8 MHz 
crystal) 


Standby Modes 


3 (HALT, hardware 
STOP, software STOP) 


2 (STOP and HALT) 



Standby Functions 



All standby modes stop 
at the same timing. 
The control signal 
(ALE) stops in the 
inactive state whether 
or not internal or 
external ROM is 
accessed. 



HALT and STOP modes 
stop at different 
timing. 



Port Options 



TypeO:l H=-5M; 
V DD =5V±10% 
Type 1: Ioh=-50^A; 
V DD =5V±10% 
Type 2: no pullup 
resistor 



TypeO:l H = -5p(A; 
V DD =5V±10% 
Type 1: lrjH=-50^A; 
V DD =5V±10% 



Pin Configurations 

40-Pin Plastic DIP 















TOC 


1 


40 


3 Vdd 


XTAL1 C 2 




39 


DT1 




XTAL2 C 


3 




38 


lP2 7 




RESET C 


4 




37 


HP2 6 




ss C 


5 




36 


DP2 5 




JNT C 6 




35 


DP2 4 




eaC 


7 




34 


H P17 




RD C 


8 




33 


3P16 




PS'EN C 9 


*r 


32 


HP15 




WR C 


10 


X 

01 


31 


3 PI4 




ALE C 


11 


o 

o 


30 


3 PI3 




DB C 


12 


o 


29 


3P12 




DBi C 


13 


a. 


28 


3 P1i 




DB 2 C 


14 




27 


3 Pio 




DB 3 C 


15 




26 


3 STOP 




DB 4 C 


16 




25 


3 PROG 




DB 5 C 


17 




24 


3 P2 3 




DB 6 C 


18 




23 


3 P2 2 




DB 7 C 


19 




22 


3 P2i 




VssC 


20 




21 


3 P2 


83-002789A 













44-Pin Plastic Miniflat 





z 




DC 

a. 




a. 




a 




£ 




i 




V 

> 




m 







Q 




Da 

Q 




m 

Q 



40 37 34^ 



ropr~n 




P1n I II 




P11 i ii 




pi? i ii 




P1l I II 




pi* 1 11 




pi,i ii 




NCI II 




P1R I II 




P17 I II 




PJl 1 II 



o 



1 1 1 DR ? 




II 1 DB ? 




II 1 DBi 




1 1 1 DB ft 




1 1 1 ALE 




II 1 WR 


TT 1 PSEN 




II 1 Rfi 




II 1 EA 




II 1 INT 




II 1 SS 



16 19 22 y 
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Pin Configurations (cont) 

52-Pin Plastic Miniflat 



ziKiKZKZK 



i 2 g 



RRRRRRRRRRRRR 



Ncrrr 1 

P2 5 ni: 

Ncrrr 

P26CEC 4 

P2 7 nr 
Tirrr 

VCCCIE 7 

ncitt 
Torrr 

XTAL1 oe 10 
XTAL2 0E 

RlsffOE 

NCQE 13 



o 



//PD80C49H 



ZDnc 

ZDPROG 
3T1P23 

inP2o 

1DP21 
~n~lP2n 
3TIIC* 

ZDVss 

TTI DB 7 
"ITIDBr 
ZDDB5 
1DDB4 

"ttinc 



¥ff¥¥f¥¥I¥¥¥I¥ 



P iz l<= m . 



§ m 



< Q Q Q 



'Internally connected 
to pin 7 



Ordering Information 



Part 
Number 


Package Type 


Max Frequency 
of Operation 


ROM 


^PD80C39HC 


40-pin plastic DIP 


12 MHz 


None 


M PD80C49HG-00 


52-pin plastic 
miniflat 


12 MHz 


2K x 8 bits 


p(PD80C49HC 


40-pin plastic DIP 


12 MHz 


2K x 8 bits 


HPD49HG-22 


44-pin plastic 
miniflat 


12 MHz 


2K x 8 bits 



Pin Identification 



Symbol 


Function 


TO 


Test input /clock output 


XTAL1 


Crystal 1 input 


XTAL2 


Crystal 2 input 


RESET 


Reset input 


SS 


Single step input 


INT 


Interrupt input 


EA 


External access input 


RD 


Read output 


PSEN 


Program store enable output 


WR 


Write output 


ALE 


Address latch enable output 


DB -DB 7 


Bidirectional data bus 


Vss 


Ground 


P2 -P2 7 


Quasi-bidirectional port 2 


PROG 


Program output 


STOP 


Stop input 


P1n-P1 7 


Quasi-bidirectional port 1 


T1 


Test 1 input 


Vdd 


Power supply 


NC 


Not connected 


IC 


Internal connection 
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Pin Functions 

XTAL1, XTAL2 (Crystals 1, 2) 

XTAL1 and XTAL2 are the crystal inputs for the internal 
clock oscillator. XTAL1 is also used as an input for exter- 
nal clock signals. 

TO (Test 0) 

The JTO and JNTO instructions test the level of TO and, if 
it is high, the program address jumps to the specified 
address. TO becomes a clock output when the ENTO 
CLK instruction is executed. 

T1(Test1) 

The JT1 and J NT1 instructions test the level of T1 and, if 
it is high, the program address jumps to the specified 
address. T1 becomes an internal counter input when the 
STRT CNT instruction is executed. 



RESET (Reset) 



RESET initializes the proces sor and is also used to ver- 
ify the internal ROM. RESET determines the oscillation 
stabiliz ing time during the release of STOP mode. The 
RESET pulse width requires at least 5 machine cycles 
when the supply voltage is within specifications and 
the oscillation frequency is stable. (Active low). 

SS (Single Step) 

SS causes the processor to execute the program one 
step at a time. SS also determines the oscillation stabi- 
lizing time during the release of the software STOP 
mode. 

INT (Interrupt) 

INT starts an interrupt if interrupts are enabled. A reset 
disables an interrupt. INT can be tested with the JNI in- 
struction and, depending on the results, a jump to the 
specified address can occur. 

EA (External Access) 

EA disables internal program memory and fetches and 
accesses external program memory. EA is used for sys- 
tem testing and debugging. (Active high). 

RD(Read) 

RD enables a data read from external memory. (Active 
low). 



WR (Write) 

WR enables a data write to external memory. 



PSEN (Program Store Enable) 

PSEN fetches instructions only from external program 
memory. (Active low). 

ALE (Address Latch Enable) 

ALE occurs at each cycle. The falling edge of ALE ad- 
dresses external data memory or external program 
memory. ALE can also be used as a clock output. 

DB0-DB7 (Data Bus) 

DB0-DB7 is a bidirectional port. DB0-DB7 reads and 
writes data using RD and WR for latching. During an ex- 
ternal program memory fetch, DB0-DB7 output the low- 
order eight bits of the memory address. PSEN fetches 
the instruction. DB0-DB7 also output the address of an 
external data memory fetc h. The addressed data is read 
and written by RD and WR. 

P1 -Pl7(Port1) 

PI0-PI7 is an 8-bit quasi-bidirectional port. 

P2 -P27(Port2) 

P2n-P27 is an 8-bit quasi-bidirectional port. P2n-P23 
output the high-order four bits of the address during an 
external program memory fetch. P2fj-P23 also function 
as a 4-bit I /O bus for the p<PD82C43 I/O port expander. 

PROG (Program Pulse) 

PROG is used as an output pulse during a fetch when 
interfacing with the /uPD82C43 I/O port expander. 




STOP (Stop) 



STOP controls the hardware STOP mode. STOP stops 
the oscillator when active low. 

Vqd (Power Supply) 

Vdd is the positive power supply ( +2.5 V to +6.0 V). 

Vss (Ground) 

Vss is ground potential. 
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Block Diagram 



XTAL1 • 
XTAL2- 



PS"EN- 
ALE- 



PROG- 
RESET - 



Control 
Logic 



+ 2.5-+ 6.0V 
GND 



Accumulator 



(8) V 



Ace Ace Carry Timer 
Bit Flag 

Tast Flag 1 



Jl 



^ RAM 

j Address 

' Realste 



| Multiplexer | 



IT 



Portl 

Latch and 

Buffer 



Port 2 

Latch and 

Buffer 



(Jja^Pio-Pir 
n»O P2n-P27 



« 
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Absolute Maximum Ratings 



T A = 25°C 




Power supply voltage, V u d 


V S s-0.3Vto+7V 


Input voltage, V| 


V ss -0.3VtoV D D+0.3V 


Output voltage, Vq 


V ss -0.3VtoVrjD+0.3V 


Operating temperature, Topt 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Standard Voltage Range 

T A = -40°CtO +85°C,V D d= +5V±10%, V ss = 0V 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Input voltage 
low 


V|L 


-0.3 


+0.8 


V 





Input voltage 
high 



Vih V DD -2 



V D d V Except XTAL1, _ 
XTAL2, RESET, SS 



V|hi V DD -1 



V D D 



RESET, XJAL1, 
XTAL2, SS 



Output voltage 
low 



Vol 



+0.45 V l L=2.0mA 



Output voltage 
high 



Voh 2.4 



Bus, RD, WR, 
PSEN, ALE, PROG, 
TO;Ioh=-400hA 



Vohi(D 2.4 



V l H=-5nA(type 
0) portl, port 2 



2.4 



y Ioh=-50mA 

(type 1) portl, 
port 2 



V H2 Vrj D -0.5 



V All outputs, 
l0H=-0.2/iA 



Input current l||_p(1) 



-15 -40 ^ Portl, port 2; V|< 
VlL (type 0) 

-500 M A Portl, port 2; V|< 
VlL (type 1) 

-40 ,«A SS, RESET; 
V,<V, L 
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DC Characteristics (cont) 

Standard Voltage Range (cont) 

T A = -40°Cto +85°C,V DD = +5V±10%,V SS = 0V 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


Typ 


Max 


Conditions 


Input leakage 
current 


"LI1 




±1 


F A 


T1, iNT, STOP; 
V SS <V|<V DD 




>LI2 




±3 


^ 


EA;V SS <V|<V DD 


Output leakage 
current 


lLO 




±1 


^ 


V SS <V <V DD 
High impedance, 
bus, T0(3) 


Standby current 


I D D1(4) 


1.5 


3.0 


mA 


t C Y=1.25 M s 




l D D2(5) 


1 


20 


ma 


(2) 


Supply current 
(total) 


'dd ■ 


6 


18 


mA 


tcY = 1.25/iS 



Data retention 
voltage 



Vdddr 2 -° 



V At hardware STOP 
mode ( STOP, 
RESET«0.4V)or 
RESET 
(RESET<0.4V) 



Extended Voltage Range 

T A = -40°Cto +85°C,V DD = +2.5 V to +6.0V,V SS = 


=ov 


Limits 


Test 


Parameter Symbol Min Typ Max Unit 


Conditions 


Input voltage V| L -0.3 +0.18 V DD V 
low 



Input voltage V|h 0.7 Vpn- 
high 



V DD V 



Except XTAL1, _ 
XTAL2, RESET, SS 



V,hi 0.8V DD 



V D D 



RESET, XTAL1, 
XTAL2, SS 



Output voltage Vql 
low 



+0.45 V l L=1.0mA 



Output voltage Voh 0.75VrjD 
high 



Bus, RD, WR, 
PSEN, ALE, PROG, 
T0;I O h=-100hA 



V H1(1) 0.7V DD 



l0H=-1fA(type 
0) port 1, port 2 



0.7V DD 



l0H=-10piA(type 
1) port 1, port 2 



Input current IilpO) 



-15 -40 H A 



Portl, port2;V|< 
V| L (type 0) 



-500 H A 



Portl, port2;V|* 
V| L (type 1) 





!|LC 


-40 


A 


SS, RESET; V|< 
V|L 


Input leakage 
current 


"LI1 


±1 


fA 


TT, INT, STOP; 
V SS <V|<V DD 




>LI2 


±5 


ha 


EA;V SS <V|<V DD 


Output leakage 
current 


lLO 


±1 


yA 


v S s<v <v DD 

High impedance, 
bus, TO (3) 



Extended Voltage Range (cont) 

T A = -40°Cto +85°C,V DD = +2.5 V to +6.0V,V SS = 0V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Supply current 



lum(4) 


0.3 


0.6 


mA 


V DD = 3V; 

t CY = 5MS 




2.0 


4.0 


mA 


V DD = 6V 
t CY = 1.25 M s 


lDD2(5) 


1 


20 


ma 


(2);V DD = 3V 




1 


50 


^a 


V DD = 6V 


'dd 


2.0 


4.0 


mA 


V DD = 3V; 
tcY = 5MS 



20 



mA V DD = 6V; 
t CY = 1.25 M s 



Note: 

(1) Types 0, 1, and 2 options can be specified for /jPD80C49H. 
Type for ^PD80C39H only. 

(2) Input pin voltage is V|<V|i_ or V|>V| H . 

(3) Includes port 1 and port 2 pins optionally specified with type 2. 

(4) HALT mode. 

(5) STOP mode. 



AC Characteristics 

T A = -40°Cto +85°C,V SS = 0V 



Limits 



V D D= v dd = 

+5V±10% 2.5Vto6.0V 



Test 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Unit Conditions 


Cycle time 


( CY 


1.25 


150 


5 


150 


MS 




ALE pulse width 


111 


125 




995 




ns 


(1) 


Address setup 
before ALE 


tAL 


140 




890 




ns 


(1) 


Address hold 
from ALE 


tLA 


45 




295 




ns 


(D 


Control pulse 
width (RD, WR) 


feci 


425 




2300 




ns 


(1) 


Control pulse 
width (PSEN) 


tCC2 


300 




1400 




ns 


(D 


Data setup 
before WR 


trjW 


340 




1965 




ns 


(D 


Data hold after 
WR 


two 


45 




295 




ns 


(2) 


Data hold after 
RD, PSEN 


tDR 





95 





470 


ns 


(D 


RD to data in 


1RD1 




300 




1800 


ns 


(1) 


PSEN to data in 


*RD2 




175 




1300 


ns 


(1) 


Address setup 
before WR 


tAW 


350 




1850 




ns 


(D 


Address setup 
before data in 
(RD) 


Udi 




700 




3585 




(1) 
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AC Characteristics (cont) 

T A = - 40°C to +85°C, V S s = V 



AC Timing Test Points (Except RESET, XTAL1, XTAL2, SS) 



Limits 



V D D= v dd = 

+5V±10% 2.5Vto6.0V 



Test 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Unit Conditions 


Address setup 
before data in 
(PSEN) 


l AD2 




500 




2750 


ns 


(D 


Address float to 
RD.WR 


Ufci 


105 




600 




ns 


(1) 


Address float to 
PSEN 


l AFC2 


5 




125 




ns 


(1) 


ALE to control 
signal (ED, WR) 


tLAFCI 


175 




925 




ns 


(1) 


ALE to control 
signal (PSEN) 


t|_AFC2 


50 




425 




ns 


(D 


Control signal 
(RD, WR, PROG) 
to ALE 


l CA1 


35 




285 




ns 


(D 


Control signal 
(PSEN) to ALE 


tfJA2 


280 




1285 




ns 


(1) 


Port control 
setup before 
falling edge of 
PROG 


tcp 


85 




460 




ns 


(3) 


Port control hold 


tpct 





80 





200 


ns 


(3,4) 


Port control hold 
after falling edge 
of PROG 


tpC2 


135 




1135 




ns 


(3, 5) 


PROG to time P2 
input must be 
valid 


tpR 




585 




2715 


ns 


(3) 


Input data hold 
time 


tpF 





125 





500 


ns 


(3) 


Output data 
setup time 


tDP 


350 




1850 




ns 


(3) 


Output data hold 
time 


tpD 


75 




450 




ns 


(3) 


PROG pulse 
width 


t PP 


625 




3250 




ns 


(3) 


Port 2 I/O data 
setup time 


tPL 


135 




1135 




ns 


■ (3) 


Port 2 I/O data 
hold time 


t L p 


5 




125 




ns 


(3) 


ALE to port 
output 


tpv 




475 




1600 


ns 


(3) 


TO clock period 


tfJPRR 


250 




1000 




ns 


(3) 



Note: 

(1) Control output: C L = 80 pF, bus output: C L = 150 pF 

(2) C L = 20pF 

(3) Control output: C L = 80 pF 

(4) At execution of MOVD A, Pp instruction 

(5) At execution of MOVD Pp, A; ANLD Pp, A; ORLD Pp, A instructions 
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(a)V DD =+5.0V±10% 



X 



(b)V DD =+2.5to6.0V 



X 



X 



Timing Waveforms 

Instruction Fetch (External Program Memory) 











— «LL 


.1- 
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1 L 
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t AL -J 


-1 r 


«- 'dr 
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-t AD 


^t RD2 ^ 
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2 * 







Read (External Data Memory) 
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*— 






ALE J 


| 




I L_ 
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RD 


I 






*AFC1 - * 




Floating] 
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Bus Floating] 
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( 


) 


[Data] 


[ Floating 
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Write (External Data Memory) 
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I L 






— «C 
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Timing Waveforms (cont) 

Port 2 Expansion Timing 



^y~\ 



Expander — . j. 
Port V 

Output — ' > 

Expander 

Port 

Input 



i/~\ 



=*£. 



y~n.<^y, 



Port 2 -Port 2 3 Data 



Port 2 -Port 2 3 Data 



:cd<:ic 



:c 



- Input 
Data 



/ 



I/O Port Timing 



1st Cycle 



"V 



/"A 



P2 ° -^3 ~) ( pc H ) (TortyPort 2 3 Data ) (New P2 -P2 3 DaTffi c 



P2 4 - P2 7 . |/ 

P10 — P17 Port 2 4 -Port2 7 Data, Port 1 -Port1 7 Data Y New Port 
Output - - A 



y~ 



Data 

49-000572A 



Bus 


Timing Requiremei 


its 




Symbol 


Timing Formula 


MinfMax 


Unit 


III 


(7/30)t CY -170 


Min 


ns 


tAL 


(1/5)tcY-110 


Min 


ns 


tLA 


(1/15)t CY -40 


Min 


ns 


l CC1 


(1/2) t C Y-200 


Min 


ns 


( CC2 


(2/5)t CY -200 


Min 


ns 


tow 


(13/30)t CY -200 


Min 


ns 


l WD 


(1/15) tcY-40 


Min 


ns 


l DR 


(1/10) tcY-30 


Max 


ns 


l RD1 


(2/5)t CY -200 


Max 


ns 


l RD2 


(3/10) t CY - 200 


Max 


ns 


l AW 


(2/5) tcY-150 


Min 


ns 


l AD1 


(23/30) t C Y- 250 


Max 


ns 


l AD2 


(3/5) tcY-250 


Max 


ns 


Ufci 


(2/15)t C Y-65 


Min 


ns 


'AFC2 


(1/30)t CY -40 


Min 


ns 


tLAFCI 


(1/5)tcv-75 


Min 


ns 


l LAFC2 


(1/10) t CY -75 


Min 


ns 


'CA1 


(1/15) tcY-50 


Min 


ns 


*CA2 


(4/15)t CY -50 


Min 


ns 


tcp 


(1/10)t CY -40 


Min 


ns 


l PC2 


(4/15) t CY - 200 


Min 


ns 


l PR 


(17/30) t C Y-120 


Max 


ns 


tpF 


(1/10)t CY 


Max 


ns 


top 


(2/5) t C Y-150 


Min 


ns 


tpD 


(1/10) t CY -50 


Min 


ns 


tpp 


(7/10)t CY -250 


Min 


ns 


tpL 


(4/15)t C Y-200 


Min 


ns 


tLP 


(1/30)t CY -40 


Min 


ns 


tpy 


(3/10)t CY +100 


Max 


ns 


tOPRR 


(1/5)tcv 


Min 


ns 


l CY 


(1/f XTA L)x15 




H s 
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Operating Characteristics 







■OH vs voh 




I 






\Typ 


T A = 25°C 
VdD = «SV 


X 

o 










s 










I 

3 




^^Mln 






| 

3 

o 











ioh vs voh 









Ta = 
Vdd = 


25 °C 
= 4.5V 








\Typ 








MinV 







Output Voltage High Voh [V] 



Output Voltage High Vqh1 [V] 



lOH vs VDD 



Ioh vs vdd 



"S -150 







T A = 25X 
VOH1 = 2.4 V 
























» — 











3 
Supply Voltage Vdd [V] 




Supply Voltage Vdd [V] 



Iol vs Vdd 



iol vs vol 









Ta = 25°C 

Vol = 0.45 v 













T A = 25°C ^^ 
VDD = «-5 V S^ 







Supply Voltage Vdd (V] 



0.5 
Output Voltage Low Vol [V] 
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Operating Characteristics (cont) 



■ DD/IDD1 VS f 



lDD/l0D1 vsf 



"a <-~ 



20 
10 




I I 










| [ 














T A = 25°C 
VdD = 5.5 V 
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Supply Voltage Vdd [V] 
Curves below 1 MHz show characteristics for external oscillation 
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Oscillation Frequency f [MHz] [f = 15 Icy] 
Curves below 1 MHz show characteristics for external oscillation. 
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Operation 
Secured Area 














































Ta = -401o+85°C 























tpci Max [80C49H] and tACC Min [82C43] vs Vdd 
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Supply Voltage Vdd [V] 
Note: Curves without "operation secured area" show reference data. 
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Functional Description 

The ^PD80C39H/jnPD80C49H has the following func- 
tional blocks: 

Instruction Decoder 

The instruction decoder stores the operation code of 
each instruction and converts it into outputs that con- 
trol the functions of each block. These outputs control 
the functions executed by the ALU, data source, and 
specified registers. 

Arithmetic Logic Unit (ALU) 

The ALU receives 8-bit data from the accumulator or 
temporary register and computes an 8-bit result under 
control of the instruction decoder. 

The ALU executes the following functions: 

• Add with carry or add without carry 

• Logical AND, OR, XOR 

• Increment and decrement 

• Bit complement 

• Rotate left and right 

• Swap nibbles 

• BCD decimal correction 

When a carry results from ALU overflows, the carry bit of 
the program word is set. 

Accumulator 

The accumulator is an 8-bit register that stores ALU in- 
put data and arithmetic results. It can also be used for 
transferring data between I/O ports and memory. 

Temporary Register 

The temporary register is an 8-bit register used for the 
internal processing necessary with arithmetic opera- 
tions. The contents of the temporary register are input 
to the ALU. 

Program Counter 

The program counter is a 12-bit register that addresses 
on-chip program memory. The program counter speci- 
fies the address of the next instruction to be executed. 

Program Memory 

The nPD80C49H contains a mask-programmable ROM 
of 2048 x 8 bits that can be addressed by a program 
counter. The fiPD80C39H has no internal ROM, so it 
uses external program memory. You can expand internal 
program memory to 4096 bytes by connecting external 
program memory. When the contents of the program 



counter exceed the built-in ROM area, the external pro- 
gram memory will be auto matically accessed by 
DB -DB 7 , P2 -P2 3 , and PSEN. 

Data Memory 

The M PD80C39H/ M PD80C49H has 128 words x 8 bits of 
data memory that can be externally expanded 256 
words maximum when needed. 

RAM Address Register 

The RAM address register specifies the next address to 
be accessed in data memory. 

Program Status Word 

The PSW (figure 1) is an 8-bit status word containing the 
information shown in table 1. 

Figure 1. Program Status Word 



7 6 5 4 


3 


2 1 


CY Carry 

AC Auxiliary Carry 

F0 Flag 

BS Register Bank Select 

49-000561 A 


| CY | AC | F0 | BS 


1 


S2 | S1 | SO | 


I I 




I 


I 
Stack save possible 


I 
Stack Pointer 



Table 1. PS W Bit Functions 



Bits 0-2 



S tack po inter bits' (S0-S2) 

A RESET clears the stack pointer to 0. 



Bit 3 
Bit 4 



Not used (1). 



Working register bank switch bit (BS) 

0=BankO 

1 = Bank1 



Bit 5 Flag bit (FO). 

User-controlled bit that can be complemented, cleared, or 
tested by conditional jump instruction JFO. 

Bit 6 Auxiliary Carry (AC) 

Generated by an auxiliary carry, ADD instruction. Can by used 
by decimal adjust instruction DA A. 

Bit 7 Carry flag (CY) 

Indicates that an accumulator overflow has taken place with 
the previously executed instruction. 



Conditional Branch Logic 

The conditional branch logic is used to test processor 
conditions. Use a conditional jump instruction to test 
the conditions shown in table 2. 

Control Logic 

The control logic generates or receives the signals that 
control various functions including memory reads and 
writes, interrupts, software STOP mode, resets, and ex- 
ternal memory fetches. 
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Table 2. Branching Conditions 



Test Device 


Conditional Jump 


Accumulator 


AIIO 


Not all 


Accumulator bit 


- 


■1 


Carry flag 





1 


User flags (FO, F1) 


- 


1 


Timer overflow flag 


- 


1 


Test inputs (TO, T1) 





1 


Interrupt input (INT) 





- 



Reset Functions 

A reset performs the following functions: 

• Clears the program counter and the stack pointer 
to 

• Selects register bank and memory bank 

• Sets the data bus in a high impedance state 
(except when EA is high) 

• Sets ports 1,2 in input mode 

• Disables interrupts (timer and external) 

• Stops the timer 

• Clears the timer flag, FO, and F1 

• Disables the clock output from TO 

• Releases HALT and STOP modes 

Timer/ Event Counter 

The timer/event counter can count external events in or- 
der to generate a precise time delay. The counter opera- 
tion is the same in both modes, the only difference is 
the input source. 

The counter is an 8-bit binary up counter (figure 2) that 
can be reset. It is possible to transfer the contents of the 
timer to the accumulator and vice-versa by using the 
MOV A,T and MOV T, A instructions, respectively. The 
contents of the counter can be independently initialized 
by the MOV T, A instruction. Use the STRTT instruction 
to use the counter as a timer and the STRT CNT instruc- 
tion to use the counter as an event counter. 

Figure 2. Timer/ Event Counter 
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Once the counter starts, it continues counting u ntil the 
program executes a STOP TCNT instruction or RESET 
becomes active. The counter is incremented up to the 
maximum count (FFH) and overflows when the count 
goes from FFH to 00H. 

Event Counter. When theT1 pin and counter input are 
connected by the execution of a STRT CNT instruction, 
the counter starts counting as an event counter. A 
change in T1 from high to low causes a count signal 
which increments the counter by +1. The maximum 
speed of a count increment is one count per 3 machine 
cycles. When a 12 MHz crystal is used, the maximum 
speed is 1 count per 3.75 ^s. There is no mimimum 
speed. After a count signal the T1 input must be held low 
at least 250 ns (at 12 MHz). 

Timer, When an internal clock is connected with the 
counter input by the execution of the STRT T instruc- 
tion, the counter starts counting as a timer. When used 
as a machine cycle clock, ALE is passed through a pre- 
scaler which generates an internal clock that incre- 
ments the timer every 32 machine cycles. The prescaler 
is reset during the execution of a STRT T instruction. 
With a 12 MHz crystal, the counter is incremented by +1 
at each 25 kHz clock every 40 /is. 

You can obtain a delay from 40 ^s to 10 ms (256 counts) 
by presetting the counter and detecting the overflow. To 
obtain time, through software control, in excess of 
10 ms, count overflows in a separate register. To count in 
steps of 40 /is or less, an external clock can be supplied 
to the T1 input which causes the counter to operate in 
the event counter mode. Use the ALE frequency divided 
by 3 or more for the external clock. Use a software delay 
loop for fine adjustment of an extremely small or large 
delay. 

Ports 1 and 2 Latch and Buffer 

Ports 1 and 2 are 8-bit input/output ports. The data writ- 
ten to the port by an output instruction is latched and 
output and the data is maintained unless a new output 
instruction is executed. Input data is not latched, so it is 
necessary to stabilize input data when reading data by 
an input instruction. 

Several port-loading options are available. At the time 
you order a mask ROM, (jnPD80C49H), you can desig- 
nate the pullup resistors for port lines PI0-PI7, P2n-P23, 
and P24-P27. 

Three types of pullup resistors are available: 



E 



TypeO 



(I oh =-5hA:V dd =+5V+10%) 



Type 1 



(I oh =-50hA:V dd =+5V+10%) 



Type 2 



No pullup resistor 
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Only type pullup resistors are available with the 
M PD80C39H. 

Timing Logic 

The oscillator generates a clock signal that controls all 
system timing operations. Oscillation is generated by 
either an external self-oscillating element or external 
clock input. The oscillator acts as an internal high-gain 
amplifier for serial resonance. To obtain the oscillation 
frequency, an external LC network or a crystal or ce- 
ramic external resonator may be connected. 

As the crystal frequency is lowered, there is an equiva- 
lent reduction in series resistance (R). As the 
temperature of the crystal is lowered, R is increased. 
Due to this relationship, it becomes difficult to stabilize 
oscillation where there is low power supply voltage. 
When Vcc is less than 2.7 V and the oscillator fre- 
quency is 3MHz or less, Ta (ambient temperature) 
should not be less than - 10°C. 

Standby Control 

The standby control cirquitry allows low power con- 
sumption operation. The standby function operates in 2 
modes: HALT and STOP. 

HALT Mode 

In HALT mode, the oscillation circuit continues to oper- 
ate but the internal clock stops. The CPU holds all the 
status of the internal circuits just prior to execution of 
the HALT instruction. In HALT mode, power consump- 
tion is much less than normal. 

Setting HALT Mode. HALT mode is set by execution 
of the H ALT instruction and released by either INT or 
RESET. If interrupts are disabled and INT becomes low 
at a machine cycle right before the HALT instruction 
and remains low during 2 machine cycles, the HALT in- 
struction byte will be fetched and decoded, but the 
HALT mode will not be set. Program operation resumes 
from the instruction following the HALT instruction. 

If interrupts are enabled under the same conditions as 
above, the HALT instruction byte will be fetched and de- 
coded but the HALT mode will not be set and the pro- 
gram will jump to the interrupt start address, After 
returning from the interrupt routine, the program will 
continue from the instruction following the HALT in- 
struction. 

Releasing HALT Mo de. Release HALT mode by activat- 
ing INT or RESET. When using INJ_to release HALT 
mode, a low level is present at the INT pin and the inter- 
nal clock is restarted. If interrupts are enabled, the inter- 
rupt is executed after the first instruction following the 
HALT instruction. 



In the interrupt enable state, hold the INT pin low until 
the interrupt procedure is started to ensure the inter- 
rupt. 



When using RE SET to release HALT mode, a low level is 
present at the RESET pin and the HALT mode i s reset 
and a normal reset operation is executed. When RESET 
goes to a high level, the program starts from address 0. 

STOP Mode 

In STOP mode, the oscillator stops and only the con- 
tents of RAM are maintained. Power consumption is 
lower than that of the HALT mode. You can set the S TOP 
mode with hardware, by controlling the RESET and 
STOP pins; and by software, by executing the corres- 
ponding instruction. 

Hardware STOP Mode 

In hardware STOP mode, the contents of RAM can be 
held at a voltage as low as +2.0 V. 



To set hardware STOP mode, set the RESET pin to a low 
level to protect the contents of RAM. Set the STOP pin to 
a low level to stop operation of the oscillation circuit. 

To release hardware STOP mode, apply the normal oper- 
ating level ( +2.5 V to +6.0 V) to the power supply at the 
Vqd Pin. As figure 3 s hows, s et the STOP pin to a high 
level while holding the RESET pin at a low lev el. This will 
restart the oscillation circuit. When RESET is set high 
after oscillation circuit operation is stabilized, th e pro- 
gram is started from address 000H. Because the STOP 
pin contr ols oscillator operation, be careful to protect 
the STOP pin from noise. 

When power is turned on, or when STOP mode is 
released, the oscillation circuit restarts. Because the 
crystal or ceramic resonator utilizes mechanical vibra- 
tion, a certain time is required for the oscillation to sta- 
bilize. The "t" represents the oscillation stabilizing wait 
time in the timing waveform. 

During this wait time, it is necessary to stop instruction 
execution in order to prevent CPU errors, Therefore, "t" 
must be longer than the oscillator's stabilizing time. 

Figure 3. Oscillator Stop and Start 
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Oscillation stabilizing time differs somewhat by the 
type of oscillator used. With a 6 MHz oscillation fre- 
quency, a crystal resonator needs several milliseconds 
to stabilize, while a ceramic resonator needs several 
hundred microseconds. Figure 4 shows how to easily 
control the hardware STOP m ode by externally connect- 
ing a capacitor to the RESET pin. This allows control of 
the oscillation stabilizing time. 

Figure 4. Hardware STOP Mode Control Circuit 
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Software STOP Mode 

In software STOP mode, the oscillation circuits stop, 
but the CPU maintains all status of internal circuits and 
data existing just before the STOP instruction. Software 
STOP mode is the same as when the oscillation circuit 
stops in HALT mode. 

In software STOP mode, if a capacitor (Css) is con- 
nected to the SS pin as shown in figure 5, you can obtain 
the oscillation stabilizing wait time when releasing 
STOP mode. 

Setting Software STOP Mode. To set software STOP 
mode, execute the STOP instruction. This sets the inter- 
nal software STOP mode flip-flop which stops the oscil- 
lator and turns transistors A and B off and on, 
respectively. Capacitor Css discharges through transis- 
tor B causing the SS pin to go low. 

Releasing Software STOP Mode. T o release software 
STOP mode, apply an INT or RESET input. 

When using the INT input (figure 6), a low at the INT pin 
resets the software STOP flip-flop and turns transistors 
A and B on and off, respectively. Then the oscillator re- 
starts, but since SS is still low, program execution re- 
mains stopped. With transistor A on, Css charges and 



causes SS to go to a high level. Then, program execu- 
tion restarts. The time it takes forSS to reach the thresh- 
old of a logic 1 determines the oscillation stabilizing 
wait time. 

After software STOP mode is released, if interrupts are 
disabled as in the HALT mode, program execution is re- 
sumed from the instruction following the STOP instruc- 
tion. If interrupts are enabled, the interrupt procedure is 
initiated (address 003H) after the execution of 1 instruc- 
tion follo wing the STOP instruction. To assure the inter- 
rupt, hold INT at a low level until the interrupt procedure 
is initiated. Even with short low level timing, the inter- 
rupt procedure will be assured if you place a 1-machine 
cycle instruction after the STOP instruction. However, it 
is recommended that you hold INT low for at least 2 ma- 
chine cycles. 



When using the RESET input, a low level at the RESET 
pin resets the software STOP flip-flop. The oscillator 
starts and the SS pin goes to a high level as Css is 
charged . The program starts from address 000H when 
RESET goes high. Also, since the oscillatio n stabiliz ing 
wait time is generated when SS is low, the RESET pin 
should be held low longer than the SS pin. When the os- 
cillation stabilizing wait time is obtained by the exter- 
nally connected capaci tor, the value of the capacitor 
(Crst) connected to the RESET pin (figure 4) should be 
set at least 3 timesjarger than that of capacitor Css 
connected to the SS pin. For example, if Css > s set to 
0.33 /iF, Crst should be 1 \xF. 

When no capacit or is con nected to the SS pin, the low 
level time of the RESET pin should be set to a value 
larger than the oscillation stabilizing time and SS 
should be open or pulled up with a 1 k or more resistor. 
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Figure 5. Software STOP Mode Control Circuit 
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Instruction Set 





Operation 


Description 


Hex 
Code 






Operation Code 






Mnemonic 


D 7 


D 6 


">5 


D 4 


D 3 


D 2 


Di 


Dq Cycles Bytes 


Accumulator 


ADD A, # data 


(A) — (A) + data 


Add immediate the specified data to the accumulator. (2) 


03 



d 7 



d 6 




d 5 




d 4 



d 3 




d 2 


1 
di 


1 2 2 

do 


ADDA, Rr 


(A)^(A) +(Rr)for 
r = 0-7 


Add contents of designated register to the accumulator.(2) 


6n(4) 





1 


1 





1 


r 


r 


r 1 1 


ADDA, @Rr 


(A) — (A) + ((Rr)) for 
r = 0-1 


Add indirect the contents the data memory location to the 
accumulator.(2) 


6n(4) 





1 


1 














r 1 1 


ADDC A, # data 


(A) «- (A) + (C) + data 


Add immediate with carry the specified data to the accumulator. (2) 


13 



d? 



d 6 



d 5 


d 4 



d 3 



d 2 


1 
di 


1 2 2 

do 


ADDC A, Rr 


(A) — (A)+(C)+(Rr) 
for r = 0-7 


Add with carry the contents of the designated register to the 
accumulator.(2) 


7n(4) 





1 


1 




1 


r 


r 


r 1 1 


ADDCA, @Rr 


(A) — (A)+(C)+((Rr)) 
for r = 0-1 


Add indirect with carry the contents of data memory location to the 
accumulator. (2) 


7n(4) 





1 


1 













r 1 1 


ANLA,#data 


(A) «- (A) AND data 


Logical AND specified immediate data with accumulator. 


53 



d 7 


1 
d 6 



d 5 


d 4 




d 3 



d 2 


1 

di 


1 2 2 

do 


ANLA, Rr 


(A) *- (A) AND (Rr) for 
r = 0-7 


Logical AND contents of designated register with accumulator. 


5n(4) 





1 







1 


r 


r 


r 1 1 


ANLA, @Rr 


(A) — (A)AND((Rr)) 
for r = 0-1 


Logical AND indirect the contents of data memory with 
accumulator. 


5n(4) 





1 
















r 1 1 


CPLA 


(A) «- NOT (A) 


Complement the contents of the accumulator. 


37 








1 







1 


1 


1 1 1 


CLRA 


(A) — 


Clear the contents of the accumulator. 


27 








1 








1 


1 


1 1 1 


DA A 




Decimal adjust the contents of the accumulator. (2) 


57 





1 










1 


1 


1 1 1 


DEC A 


(A) — (A)-1 


Decrement by 1 the accumulator's contents. 


07 

















1 


1 


11 1 


INC A 


(A) — (A)+1 


Increment by 1 the accumulator's contents. 


17 
















1 


1 


1 1 1 


ORLA, # data 


(A) ~- (A) OR data 


Logical OR specified immediate data with accumulator. 


43 





1 

d 6 



d 5 




d 4 



d 3 



d 2 


1 
di 


1 2 2 
do 


ORLA, Rr 


(A) ~- (A) OR (Rr) for r = 0-7 


Logical OR contents of designated register with accumulator. 


4n(4) 





1 








1 


r 


r 


r 1 1 


ORLA, @Rr 


(A) — (A) OR ((Rr)) for 
r = 0-1 


Logical OR indirect the contents of data memory location with 
accumulator. 


4n(4) 





1 

















r 1 1 


RLA 


(An+i)~-(An) 

(A ) — (A 7 ) for N = 0-6 


Rotate accumulator left by 1 bit without carry. 


E7 


1 


1 


1 








1 


1 


1 1 1 


RLCA 


(A N+ 1)^ (A N );N = o-6 

(Arj)-(C) 

(C)-(A 7 ) 


Rotate accumulator left by 1 bit through carry. 


F7 


1 


1 


1 


1 





1 


1 


1 1 1 


RRA 


(A N ) — (A N+ i);N = 0-6 
(A;)-(A ) 


Rotate accumulator right by 1 bit without carry. 


77 





1 


1 


1 





1 


1 


1 1 1 



8 
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00 

o 
o 

CO 



(0 



"0 
D 

(0 




-^ Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






( 


)peration Code 






Cycles 




Mnemonic 


">7 


»6 


">5 


D 4 


D 3 


«>2 


Di 


l>0 


Bytes 


Accumulator (cont) 


RRCA 


(An) — (a n+ i);n = o-6 
(A 7 )-(C) 

(C)-(Ao) 


Rotate accumulator right by 1 bit through carry. 


67 





1 


1 








1 


1 


1 


1 


1 


SWAP A 


(A4-A7)— *(A -A 3 ) 


Swap the 2 4-bit nibbles in the accumulator. 


47 





1 











1 


1 


1 


1 


1 


XRLA,#data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


D3 


1 


1 

d 6 



d 5 


1 
d 4 



d 3 




d 2 


1 

di 


1 
do 


2 


2 


XRLA, Rr 


(A) — (A) XOR (Rr) for 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


Dn(4) 


1 


1 





1 


1 


r 


r 


r 


1 


1 


XRLA, @Rr 


(A) *- (A) XOR ((Rr)) for 
r = 0-1 


Logical XOR indirect the contents of data memory location with 
accumulator. 


Dn(4) 


1 


1 





1 











r 


1 


1 


Branch 


DJNZ Rr, addr 


(Rr) — (Rr) - 1; r = 0-7 
If (Rr)#-.0; 

(PC0-PC7) — addr 


Decrement the specified register and test contents. 


En 


1 

37 


1 

36 


1 
35 



a 4 


1 
33 


r 

32 


r 

31 


r 

30 


2 


2 


JBb addr 


(PC -PC 7 ) — addr if Bb = 1 
(PC) — (PC) + 2 if Bb = 


Jump to specified address if accumulator bit is set. 


x2(6) 


b 2 
37 


°1 
36 


bo 

35 


1 
34 



33 




32 


1 

31 




30 


2 


2 


JC addr 


(PC -PC- 7 ) — addr if C = 1 
(PC) — (PC) +2if C = 


Jump to specified address if carry flag is set. 


F6 


1 
37 


1 
36 


1 
35 


1 
a 4 



33 


1 
32 


1 
31 




30 


2 


2 


JFO addr 


(PC -PC 7 ) — addr if FO = 1 
(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


B6 


1 
37 



36 


1 
35 


1 

34 



33 


1 
32 


1 
31 




30 


2 


2 


JFIaddr 


(PC0-PC7) — addr if F1 = 1 

(PC) — (PC) + 2 if F1 = 


Jump to specified address if flag F1 is set. 


76 



37 


1 
36 


1 

35 


1 
34 



33 


1 
32 


1 
31 




30 


2 


2 


JMPaddr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PCn)*- DBF 


Direct jump to specified address within the 2K address block. 


x4(6) 


310 
37 


39 
36 


38 
35 



34 



33 


1 
32 




31 



30 


2 


2 


JMPP@A 


(PC -PC 7 )-((A)) 


Jump indirect to specified address with address page. 


B3 


1 





1 


1 








1 


1 


2 


1 


JNCaddr 


(PC -PC 7 ) — addr if C = 
(PC) — (PC)+2ifC = 1 


Jump to specified address if carry flag is low. 


E6 


1 
37 


1 
36 


1 
35 




34 



33 


1 
32 


1 
31 



30 


2 


2 


JNIaddr 


(PCo-'PC 7 ) — addrifl = 
(PC) — (PC) + 2 if I = 1 


Jump to specified address if interrupt is low. 


86 


1 
37 



36 




35 




34 




33 


1 
32 


1 
31 



30 


2 


2 


JNTO addr 


(PC0-PC7) — addr if TO = 
(PC) — (PC) + 2 if TO = 1 


Jump to specified address if test is low. 


26 




37 



36 


1 
35 



34 



33 


1 
32 


1 
31 



30 


2 


2 


JNT1 addr 


(PC -PC 7 )- addr if T1 = 
(PC) — (PC) + 2 if T1 = 1 


Jump to specified address if test 1 is low. 


46 




37 


1 
36 




35 




34 



33 


1 
32 


1 
31 



30 


2 


2 


JNZ addr 


(PC -PC 7 )- addrifA#0 
(PC) — (PC) + 2if A = 


Jump to specified address if accumulator is non-zero. 


96 


1 

37 



36 




35 


1 
fl4 ■- 




33 


1 
32 


1 
31 



30 


2 


2 



■0 
P 
CO 

o 

O 

CO 
(0 



(0 



■0 

<0 
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Instruction Set(cont) 





Operation 


Description 


Hex 
Code 






Operation Codi 


1 






Cycles 




Mnemonic 


D7 


">6 


D 5 


D4 


D 3 


D 2 


Di 


Do 


Bytes 


Branch (cont) 


JTF addr 


(PC -PC 7 ) ^ addr if TF = i 

(PC) — (PC)+2ifTF = 


Jump to specified address if timer flag is set to 1. 


16 



37 



36 




35 


1 

34 




33 


1 
32 


1 

31 




30 


2 


2 


JTO addr 


(PC0-PC7) — addr if TO = 1 

(PC) — (PC) + 2 if TO = 


Jump to specified address if test is a 1. 


36 



37 



36 


1 
35 


1 
34 




33 


1 
32 


1 

31 



30 


2 


2 


JT1 addr 


(PC -PC 7 ) ^ addr if T1 = 1 
(PC) ^ (PC) + 2 if T1 = 


Jump to specified address if test 1 is a 1. 


56 



37 


1 
36 



35 


1 
3 4 



33 


1 
32 


1 
31 




30 


2 


2 


JZaddr 


(PC -PC 7 ) ^ addr if A = 
(PC) — (PC) + 2if A = 1 


Jump to specified address if accumulator is 0. 


C6 


1 
37 


1 

36 



35 



34 




33 


1 
32 


1 

31 



30 


2 


2 


Control 



EN I 






Enable the external interrput input. 


05 

















1 







1 


1 


DISI 






Disable the external interrupt input. 


15 











1 





1 







1 


1 


ENT0CLK 






Enable the clock output pin TO . 


75 







1 


1 





1 







1 


1 


SELMB0 


(DBF) — 




Select bank (locations 0-2047) of program memory. 


E5 


1 




1 








1 







1 


1 


SEL MB1 


(DBF) — 1 




Select bank 1 (locations 2048-4095) of program memory. 


F5 


1 




1 


1 





1 







1 


1 


SEL RB0 


(BS) — 




Select bank (locations 0-7) of data memory. 


C5 


1 













1 







1 


1 


SEL RB1 


(BS)-1 




Select bank 1 (locations 24-31) of data memory. 


D5 


1 







1 





1 







1 


1 


HALT 






Initiates halt mode. 


01 

























1 


1 


STOP 






Sets CPU to software stop mode. 


82 


1 

















1 




1 


1 


Data Moves 


MOV A, # data 


(A) — data 




Move immediate the specified data into the accumulator. 


23 



d 7 



d 6 


1 

d 5 




d 4 




d 3 




d 2 


1 

di 


do 


2 


2 


MOV A, Rr 


(A) — (Rr); r = 


= 0-7 


Move the contents of the designated registers into the 
accumulator. 


Fn(4) 


1 


1 


1 


1 


1 


r 


r 




1 


1 


MOV A, @ Rr 


(A)-((Rr));r 


= 0-1 


Move indirect the contents of data memory location into the 
accumulator. 


Fn(4) 


1 


1 


1 


1 













1 


1 


MOV A, PSW 


(A) — (PSW) 




Move contents of the program status word into the accumulator. 


C7 


1 


1 











1 


1 




1 


1 


MOV Rr, # data 


(Rr) — data; r 


= 0-7 


Move immediate the specified data into the designated register. 


Bn(4) 


1 
d 7 



d 6 


1 
d 5 


1 

d 4 


1 
d 3 


r 
d 2 


r 
di 


do 


2 


2 


MOV Rr, A 


(Rr) — (A);r = 


= 0-7 


Move accumulator contents into the designated register. 


An(4) 


1 





1 





1 


r 


r 




1 


1 


MOV @ Rr, A 


((Rr)) — (A);r 


= 0-1 


Move indirect accumulator contents into data memory location. 


An(4) 


1 





1 
















1 


1 


MOV @ Rr, # data 


((Rr)) — data; 


r = 0-1 


Move immediate the specified data into data memory. 


Bn(4) 


1 
d 7 



d 6 


1 
d 5 


1 

d 4 



d 3 



d 2 




di 


do 


2 


2 


MOV PSW, A 


(PSW) — (A) 




Move contents of accumulator into the program status word. 


D7 


1 


1 





1 





1 


1 




1 


1 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






( 


Operation Code 








Mnemonic 


D7 


D 6 


D5 


D4 


«>3 


D 2 


I>1 


Do 


Cycles Bytes 


Data Moves (cont) 


MOVP A, @ A 


(PC -PC 7 ) — (A) 
(A)— ((PC)) 


Move data in the current page into the accumulator. 


A3 


1 





1 











1 




2 1 


M0VP3A,@A 


(PC -PC 7 )-(A) 
(PCs-PCuJ^OOH 
(A) -((PC)) 


Move program data in page 3 into the accumulator. 


E3 


1 


1 


1 











1 




2 1 


M0VXA,@R 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of external data memory into the 
accumulator. 


8n(4) 


1 






















2 1 


MOVX @ R, A 


((Rr)) — (A); r = 0-1 


Move indirect the contents of the accumulator into external data 
memory. 


9n(4) 


1 








1 













2 1 


XCH A, Rr 


(A)—* (Rr); r = 0-7 


Exchange the accumulator and designated register's contents. 


2n(4) 








1 





1 


r 


r 






XCH A, @ Rr 


(A)— ((Rr)); r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 


2n(4) 








1 


















XCHDA,@Rr 


(A0-A3)— ((Rr))o-((Rr)) 3 ; 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data memory. 


3n(4) 








1 


1 















Flags 


CPLC 


(C) — NOT(C) 


Complement contents of carry bit . 


A7 







1 










1 






CPLFO 


(FO)^NOT(FO) 


Complement contents of flag FO . 


95 










1 














CPL F1 


(F1) ~- NOT (F1) 


Complement contents of flag F1. 


B5 







1 


1 














CLRC 


(0 — 


Clear contents of carry bit to 0. 


97 










1 







1 






CLRFO 


(F0)~-0 


Clear contents of flag too. 


85 

























CLRF1 


(F1)-0 


Clear contents of flag 1 to 0. 


A5 







1 








1 





1 


1 1 


Input /Output 


ANLBUS, 
#data 


(bus) — (bus) AND data 


Logical AND immediate specified data with contents of bus. 


98 


d 7 



d 6 



d 5 


1 

d 4 


1 

d 3 




d 2 



di 



do 


2 2 


ANLPp, 
#data 


(Pp) *- (Pp) AND data 
p = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


9n(5) 


d 7 



d 6 



d 5 


1 

d 4 


1 

d 3 




d 2 


P 
di 


P 
do 


2 2 


ANLDPp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Logical AND contents of accumulator with designated port (4-7). 


9n(5) 










1 


1 


1 


P 


P 


2 1 


IN A, Pp . 


(A) — (Pp); p = 1-2 


Input data from designated port (1-2) into accumulator. 


0n(5) 














1 





P 


P 


2 1 


INS A, BUS 


(A) — (bus) 


Input strobed bus data into accumulator. 


08 














1 











2 1 


MOVD A, Pp 


(A0-A3) — (Pp); p = 4-7 
(A 4 -A 7 )-0 


Move contents of designated port (4-7) into accumulator. 


0n(5) 














1 


1 


P 


P 


2 1 



"0 
D 
CO 

o 
o 
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O 

(0 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 








Operation Code 






Cycles 




Mnemonic 


D 7 


De 


D 5 


D 4 


03 


D 2 


Di 


Do 


Bytes 


Input/ Output (cont) 


MOVD Pp, A 


(Pp) — (A -A 3 );p = 4-7 


Move contents of accumulator to designated port (4-7). 


3n(5) 








1 


1 


1 


1 


P 


P 


2 


1 


ORLBUS, 
#data 


(bus) — (bus) OR data 


Logical OR immediate specified data with contents of bus. 


88 


1 
d 7 



06 




d 5 




d 4 


1 
d 3 



d 2 



di 



do 


2 


2 


ORLDPp, A 


(Pp) — (Pp)0R(A -A 3 ); 
p = 4-7 


Logical OR contents of accumulator with designated port (4-7). 


8n(5) 


1 











1 


1 


P 


P 


2 


1 


ORLPp, 
# data 


(Pp) — (Pp) OR data 
P = 1-2 


Logical OR immediate specified data with designated port (1-2). 


9n(5) 


1 
d 7 



d 6 



d 5 




d 4 


1 
d 3 



d 2 


P 
di 


P 
do 


2 


2 


OUTLBUS.A 


(bus) — (A) 


Output contents of accumulator onto bus. 


02 




















1 





2 


1 


OUTL Pp,A 


(Pp) *- (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 


3n(5) 








1 


1 


1 





P 


p 


2 


1 


Registers 


DECRr 


(Rr) — (Rr)-1;r = 0-7 


Decrement by 1 contents of designated register. 


Cn(4) 


1 


1 








1 


r 


r 


r 


1 


1 


INC Rr 


(Rr) — (Rr)+1;r = 0-7 


Increment by 1 contents of designated register. 


1n(4) 











1 


1 


r 


r 


r 


1 


1 


INC@Rr 


((Rr)) — ((Rr)) + 1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 


1n(4) 











1 











r 


1 


1 


Subroutine 



CALL addr ((SP)) — (PC), (PSW4-PSW7) Call designated subroutine. 

(SP) — (SP)+1 
(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PCfl) — DBF 



x4(6) a 10 a g a 8 1 
a 7 a 6 a 5 a 4 



1 
a 3 a 2 



RET 


(SP) — (SP) - 1 
(PC) — ((SP)) 


Return from subroutine without restoring program status word. 


83 


1 











1 


1 2 1 


RETR 


(SP) — (SP) - 1 
(PC) — ((SP)) 
(PSW4-PSW7) — ((SP)) 


Return from subroutine restoring program status word. 


93 


1 





1 





1 


1 2 1 


Timer /Counter 



EN TCNTI 




Enable internal interrupt flag for timer / counter output. 


25 








1 








1 





1 1 1 


DIS TCNTI 




Disable internal interrupt flag for timer / counter output. 


35 








1 


1 





1 





1 1 1 


MOV A, T 


(A)-(T) 


Move contents of timer/ counter into accumulator. 


42 



















1 


1 1 


MOVT, A 


(T)-(A) 


Move contents of accumulator into timer / counter. 


62 







1 











1 


1 1 


STOPTCNT 




Stop count for event counter. 


65 







1 








1 





11 1 


STRTCNT 




Start count for event counter. 


45 
















1 





1 1 1 


STRTT 




Start count for timer. 


55 










1 





1 





1 1 1 



8 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic 


D? 


°6 


D 5 D 4 D 3 D 2 


Dl 


">0 


Bytes 


Miscellaneous 


NOP 




No operation performed. 


00 

















1 


1 



Note: 

(1) Binary instruction code designations r and p represent encoded values or the lowest-order bit value of specified registers and ports, respectively. 

(2) Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations. These instructions set the carry flags when there is an 
overflow in the accumulator (the auxiliary carry flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow. Flags that are specifically 
addressed by flag instructions are shown in the function equations for those instructions. 

(3) References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction. 

(4) The hex value of n for specific registers is as follows: 

a) Direct addressing 

RO: n = 8 R2: n = A R4: n = C R6: n = E 

R1: n = 9 R3: n = B R5: n = D R7: n = F 

b) Indirect addressing 

@ RO: n = @ R1: n = 1 

(5) The hex value of n for specific ports is as follows: 
P1: n = 9 P4: n = C P6: n = E 

P2: n = A P5: n = D P7: n = E 

(6) The hex value of x for specific accumulator or address bits is as follows: 
a) JBb instruction 

B : x = 1 B 2 : x = 5 B 4 : x = 9 B 6 : x = D 
B-|: x = 3 B 3 : x = 7 B 5 : x = B B 7 : x = F 
b)JMP instruction 
Page 0: x = Page 2: x = 4 Page 4: x = 8 Page 6: x = C 
Page 1: x = 2 Page 3: x = 6 Page 5: x = A Page 7: x = E 

c) CALL instruction 

Page 0: x = 1 Page 2: x = 5 Page 4: x = 9 Page 6: x = D 
Page 1: x = 3 Page 3: x = 7 Page 5: x = B Page 7: x = F 



O 
CO 

o 
o 

CO 
(0 



(D 

X 

O 
<0 
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Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (ao-az) or (arj-aio) 


b 


Accumulator bit (b= 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


data 


Number or expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


IT 


Interrupt 


n 


Indicates the hex number of the specified register 
or port 


PC 


Program counter 


Pp 


Port designator (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register designator (r= 0-7) 



Symbol 


Description 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


T0.T1 


Testable flags 0, 1 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


X 


Indicates the hex number corresponding to the 
accumulator bit or page number specified in the 
operand 


(x) 


Contents of external RAM location 


((x)) 


Contents of memory location addressed by the 
contents of external RAM location 


— 


Replaced by 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


XOR 


Exclusive-OR 




Complement 





E 
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/iPD80C40H/50H, //PD50H 

HIGH-SPEED, 8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The jhPD80C40H, /uPD80C50H, and ^PD50H are single- 
chip, CMOS 8-bit microcomputers containing an 8-bit 
CPU, ROM (nPD80C50H only), RAM, I/O ports, and con- 
trol circuitry. Through CMOS technology, the devices 
can retain data with low power consumption. In addi- 
tion, the processor uses two standby modes (HALT and 
STOP) to further minimize power drain. 

Features 

□ 98 instructions 

□ 1.25 pis instruction cycle time (12 M Hz crystal) 

□ Addition, logic, and decimal adjust functions 

□ 2K x 8-bit ROM (mPD80C50H) 

□ 256 x 8-bit RAM 

□ Standby function 

□ 8-level stack 

□ Two sets of working registers 

□ Interrupt capability 

□ Two test inputs 

□ Internal timer/event counter 

□ Input/output ports (8 bits x 2) 

— Data bus alternative to I/O ports (8 bits x 1) 

□ Expandable memory and I/O ports 

□ Single-step function 

□ Internal clock generator 

□ CMOS technology 

□ Single power supply of +2.5 V to +6.0 V 

□ Intel 8050H, 8040H pin compatible 



Pin Configurations 

40-Pin Plastic DIP 



TOC 1 
XTAL1 C 2 
XTAL2 C 3 
RESET C 4 

SSC 5 
INTC 6 

EAC 7 

RDC 8 
PSENC 9 
WRC 10 
ALEC 11 
DBoC 12 
DBiC 13 
DB 2 C 14 
DB 3 C 15 
DB 4 C 16 
DB 5 C 17 
DB^C 18 
DB 7 C 19 
Vss C 20 



3Vdd 

3T1 

HP27 

I]P26 

3P25 

DP24 

3P17 

3P16 

3P15 

3P14 

3P13 

3P12 

3P11 

DPio 

3STOP 

3 PROG 

3P23 

DP22 

DP21 

DP2o 



44-Pin Plastic Miniflat 



Ordering Information 



Part 
Number 



Package Type 



Max Frequency 
of Operation 



ROM 



/iPD80C40HC 40-pin plastic DIP 



12 MHz 



None 



//PD80C50HC 40-pin plastic DIP 



12 MHz 



2K x 8 bits 



//PD50HG-22 



44-pin plastic 
miniflat 



12 MHz 



2K x 8 bits 



o 

z 




0. 




i 




i. 




i. 




i. 




V 

> 




m 
□ 




m 
□ 




m 

Q 




m 

Q 



stop i n 




P1 I II 




P11 1 II 




P1j I II 




P1-. I II 




P1/I I II 




P1 F I II 




NC.\ II 




P1f I II 




P1 7 1 II 




P9a I I | 



E 



it i r>R 3 




I I I DB ? 




II I DB! 




I I I DB 




II I ALE 




II I WR 




I I I PSEN 




II Inn 




II lEA 




II I INT 




I I I SS 
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Pin Identification 



Symbol 


Function 


TO 


Test input /clock output 


XTAL1 


Crystal 1 input 


XTAL2 


Crystal 2 input 


RESET 


Reset input 


SS 


Single step input 


INT 


Interrupt input 


EA 


External access input 


RD 


Read output 


PSEN 


Program store enable output 


WR 


Write output 


ALE 


Address latch enable output 


DB -DB 7 


Bidirectional data bus 


v S s 


Ground 


P2 -P2 7 


Quasi-bidirectional port 2 


PROG 


Program output 


STOP 


Stop input 


PI0-PI7 


Quasi-bidirectional port 1 


T1 


Test 1 input 


Vdd 


Power supply 



Pin Functions 

XTAL1, XTAL2 (Crystals 1, 2) 

XTAL1 and XTAL2 are the crystal inputs for the internal 
clock oscillator. XTAL1 is also used as an input for exter- 
nal clock signals. 

TO (Test 0) 

The JTO and JNTO instructions test the level of TO and, 
as a result, the program address jumps to the specified 
address. TO becomes a clock output when the ENTO 
CLK instruction is executed. 

T1 (Test 1) 

The JT1 and JNT1 instructions test the level of T1 and, as 
a result, the program address jumps to the specified ad- 
dress. T1 becomes an internal counter input when the 
STRT CNT instruction is executed. 



RESET (Reset) 



RESET initializes the process or and is also used to ver- 
ify the internal ROM. RESET determines the oscillation 
stabiliz ing time during the release of STOP mode. The 
RESET pulse width requires at least 5 machine cycles 
when the supply voltage is within specifications and 
the oscillation frequency is stable. (Active low). 
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SS (Single Step) 

SS causes the processor to execute the program one 
step at a time. SS also determines the oscillation stabi- 
lizing time during the release of the software STOP 
mode. 

TNT (Interrupt) 

INT starts an interrupt if interrupts are enabled. A reset 
disables an interrupt. INT can be tested with the JNI in- 
struction and, depending on the results, a jump to the 
specified address can occur. 

EA (External Access) 

EA disables internal program memory and fetches and 
accesses external program memory. EA is used for sys- 
tem testing and debugging. (Active high). 

RD(Read) 

RD enables a data read from external memory. (Active 
low). 

WR (Write) 

WR enables a data write to external memory. 



PSEN (Program Store Enable) 



PSEN fetches instructions only from external program 
memory. (Active low). 

ALE (Address Latch Enable) 

ALE occurs at each cycle. The falling edge of ALE ad- 
dresses external data memory or external program 
memory. ALE can also be used as a clock output. 



DB0-DB7 (Data Bus) 

DB0-DB7 is a bidirectional port. DB0-DB7 reads and 
writes data using RD and WR for latching. During an ex- 
ternal program memory fetch, DB0-DB7 output the low- 
order eight bits of the memory address. PSEN fetches 
the instruction. DB0-DB7 also output the address of an 
external data memory fetc h. The addressed data is read 
and written by RD and WR. 

P1o-Pl7(Port1) 

PI0-PI7 is an 8-bit quasi-bidirectional port. 

P2 -P27(Port2) 

P2rj-P27 is an 8-bit quasi-bidirectional port. P2rj-P23 
output the high-order four bits of the address during an 
external program memory fetch. P2n-P23 also function 
as a 4-bit l/ObusforthenPD82C43 I/O port expander. 

PROG (Program Pulse) 

PROG is used as an output pulse during a fetch when 
interfacing with thefiPD82C43 I/O port expander. 



STOP (Stop) 



STOP controls the hardware STOP mode. STOP stops 
the oscillator when active low. 

Vqd (Power Supply) 

Vqd is the positive power supply ( +2.5 V to +6.0 V). 

Vss (Ground) 

Vss is ground potential. 



E 
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Block Diagram 



XTAL1 • 
XTAL2 ■ 



RD- 

SS- 

PSEN- 

ALE- 



Timing 
Logic 



EA- 



PROG- 

RESET - 

INT - 



Control 
Logic 



Standby 
Control 



Power 
Supply 



+ 2.5- + 6.0V 
GND 



Accumulator A. 
(8) V 



Temp Reg 
(8) 



C 



Instruction 
Decoder 



Program 
Memory 



Program 
Counter 



Conditional Branch 
Logic 



Ace Ace Carry Timer 

Bit Flag 

Test flag 1 



FlagO Int 



Data Memory 
256x8 RAM 



£3 



N RAM K 

j Address ) 

Register 



Register 0-7 



8 -Level Stack 
(Variable Length) 



Optional Second 
Register Bank 



Multiplexer 



Portl 

Latch and 

Buffer 



Port 2 

Latch and 

Buffer 



Latch 
and 
Buffer 



(3> 
to 



P20-P27 



DBo-DB, 



« 



« 



Timer/Event 
Counter 



Absolute Maximum Ratings 



T A = 25°C 




Power supply voltage, Vrjrj 


V ss -0.3Vto+7V 


Input voltage, V| 


V SS -0.3VtoV DD +0.3V 


Output voltage, Vq 


V ss -0.3VtoV DD +0.3V 


Operating temperature, Tqpj 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits. de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Standard Voltage Range 

T A = -40°Cto +85°C,V DD = +5V±10%,V SS = 0V 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Input voltage 
low 


VlL 


-0.3 


+0.8 


V 





Input voltage V|h VrjQ-2 
high 



V 1H1 V DD -1 



Output voltage Vql 
low 



Output voltage Vqh 2.4 
high 

VoHiO) 2.4 
2.4 



V D D 



V Except XTAL1, 
XTAL2, RESET, SS 



V D D 



V RESET, XJAL1, 
XTAL2, SS 



+0.45 V l OL = 2.0mA 



V Bus, RD, WR, 
PSEN, ALE, PROG, 
TO; l H=-400^A 

V I h= -5juA(type 

0) portl, port 2 

V l 0H =-50^A 
(type 1) portl, port 
2 
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DC Characteristics (cont) 



Standard Voltage 

T A = -40°Cto +85°Q 



Range (cont) 

V DD = +5V±10%,V SS = 0V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Input current l||_p(1) 



-15 



-40 



nA Portl, port 2; V|< 
V )L (type 0) 



-500 ^A 



Port 1, port 2; V|* 
V lL (type 1) 





!|LC 


-40 


MA 


SS, RESET; 
V|«V, L 


Input leakage 
current 


Ilm 


±1 


ma 


T1, INT, STOP; 
V S S<V|<V DD 




l Ll2 


±3 


ma 


EA; V S s«V|«V DD 


Output leakage 
current 


Ilo 


±1 


ma 


V S s<V <V DD 
High impedance, 
bus, T0(3) 


Standby current 


I D D1(4) 


1.5 3.0 


mA 


t CY =1.25/iS 




IDD20) 


1 20 


H A 


(2) 


Supply current 
(total) 


■dd 


6 18 


mA 


t C Y = 1-25»iS 



Data retention Vqddr 
voltage 



2.0 



At har dware STOP 
mode ( STOP, 
RESET«0.4V)or 
RESET 
(RESET«0.4V) 



Extended Voltage Range 

T A = -40°Cto +85°C,V DD = +2.5 V to +6.0V,V SS = 0V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Input voltage Vil -0.3 
low 



+0.18V DD V 



Input voltage Vih 0.7Vdd 
high 



V DD V Except XTAL1, 



XTAL2, RESET, SS 



Vim 0.8V DD 



'DD 



RESET, XTAL1, 
XTAL2, SS 



Output voltage Vol 
low 



+0.45 V l L = 1.0mA 



Output voltage Vqh 0.75Vqd 
high 



BUS, RD, WR, 
PSEN, ALE, PROG, 
TO; I h= -100/uA 



V0H1(D 0-7VDD 



l H=-VA(type 

0) port 1, port 2 



0.7V DD 



l H=-10^A(type 
1) port 1, port 2 



Input current l||_p(1) 



-15 -40 mA 



Portl, port 2; V|< 

V| L (type 0) 



-500 M 



Portl, port 2; V|* 
V| L (type 1) 



-40 nA SS, RESET; V|<V| L 



Extended Voltage Range (cont) 

T A = -40°Cto +85°C,V DD = +2.5Vto +6.0V,V SS = 0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input leakage 
current 


«LM 






±1 


H A 


T1 , TNT, STOP; 
Vss<V|<V DD 




'LI2 






±5 


^ 


EA; V S s<V|<Vn D 


Output leakage 
current 


Ilo 






±1 


^ 


v ss <v <v DD 
High impedance, 
bus, TO (3) 



Supply current 



IDD1(4) 


0.3 


0.6 


mA 


V DD =3V; 
t CY = 5fiS 




2.0 


4.0 


mA 


V DD = 6V 
t CY =1.25|4S 


lDD2(5) 


1 


20 


MA 


(2);V DD = 3V 




1 


50 


M A 


V DD = 6V 


'dd 


2.0 


5.0 


mA 


V DD = 3V; 
t CY = 5fiS 



mA V Dn = 6V; 
t CY = 1.25 M s 



Note: 

(1) Types 0, 1, and 2 options can be specified for nPD80C50H. 
Type for^PD80C40H only. 

(2) Input pin voltage is V|<V|i_ or V|>V| H . 

(3) Includes port 1 and port 2 pins optionally specified with type 2. 

(4) HALT mode. 

(5) STOP mode. 



E 



AC Characteristics 

T A = - 40°C to +85 °C, V ss = V 



Limits 



v D d= v dd = 

+5V±10% 2.5 V to 6.0 V 



Test 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Unit Conditions 


Cycle time 


tCY 


1.25 


150 


5 


150 


MS 




ALE pulse width 


III 


125 




995 




MS 


0) 


Address setup 
before ALE 


tAL 


140 




890 




ns 


(1) 


Address hold 
from ALE 


tLA 


45 




295 




ns 


(D 


Control pulse 
width (RD, WR) 


l CC1 


425 




2300 




ns 


(D 


Control pulse 
width (PSEN) 


l CC2 


300 




1800 




ns 


(D 


Data setup 
before WR 


*DW 


340 




1965 




ns 


(D 


Data hold after 
WR 


tWD 


45 




295 




ns 


(2) 


Data hold after 
RD, PSEN 


tDR 





95 





470 


ns 


(1) 


RD to data in 


*RD1 




300 




1800 


ns 


d) 
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AC Characteristics (cont) 

T A = - 40°C to +85 °C, V ss = V 



Limits 



V D D= v dd = 

+5V±10% 2.5 V to 6.0 V 



Parameter Symbol Min Max Min Max 



Test 
Unit Conditions 



PSEN to data in 


l RD2 . 




175 




1300 


ns 


(D 


Address setup 
before WR 


Uw 


350 




1850 




ns 


(1) 


Address setup 
before data in 
(RD) 


UD1 




700 




3585 




(1) 


Address setup 
before data in 
(PSEN) 


*AD2 




500 




2750 


ns 


(1) 


Address float to 
RD, WR 


Ufci 


105 




600 




ns 


(1) 


Address float to 
PSEN 


l AFC2 


5 




125 




ns 


(1) 


ALE to control 
signal (RD, WR) 


l LAFC1 


175 




925 




ns 


(D 


ALE to control 
signal (PSEN) 


t L AFC2 


50 




425 




ns 


(1) 


Control signal 
(RD, WR, PROG) 
to ALE 


*CA1 


35 




285 




ns 


(1) 


Control signal 
(PSEN) to ALE 


tCA2 


280 




1285 




ns 


(1) 


Port control 
setup before 
falling edge of 
PROG 


'CP 


85 




460 




ns 


(3) 


Port control hold 


tpci 





80 





200 


ns 


(3,4) 


Port control hold 
after falling edge 
of PROG 


tpC2 


135 




1135 




ns 


(3,5) 


PROG to time P2 
input must be 
valid 


'PR 




585 




2715 


ns 


(3) 


Input data hold 
time 


tpF 





125 





500 


ns 


(3) 


Output data 
setup time 


tDP 


350 




1850 




ns 


(3) 


Output data hold 
time 


IPD 


75 




450 




ns 


(3) 


PROG pulse 
width 


tpp 


625 




3250 




ns 


(3) 


Port 2 I/O data 
setup time 


tpL 


135 




1135 




ns 


(3) 


Port 2 I/O data 
hold time 


tLP 


5 




125 




ns 


(3) 


ALE to port 
output 


tpv 




475 




1600 


ns 


(3) 


TO clock period 


'OPRR 


250 




1000 




ns 


(3) 



Note: 

(1) Control output: C L = 80 pF, bus output: C L = 150 pF 

(2) C L = 20pF 

(3) Control output: C L = 80 pF 

(4) At execution of MOVD A, Pp instruction 

(5) At execution of MOVD Pp, A; ANLD Pp, A; ORLD Pp, A instructions 



AC Timing Test Points (Except RESET, XTAL1, XTAL2, SS) 



(a)V DD =+5.0V±10% 



3£ 



SC 



(b)V DD =+2.5to6.0V 



X 



X 



Timing Waveforms 

Instruction Fetch (External Program Memory) 



I 



•la-" 

tAL— I 



BUS Floating) f 



J L 



-I 



j ^ Floating) ^ j ( Floating j{ 



■"^ l RD2-"| Instruction 



Read (External Data Memory) 





— -\ 'lafci 









ALE J 


1 




I L 






* *CC1 *P"*CA1"*j 


RD 


I 






•afci — * 




Floating 


--•dr 


Bus Floating^ 


'Address 


( 


; 


[ Data] 


r Floating 








"*~"*RD 
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Timing Waveforms (cont) 

Write (External Data Memory) 





1 








ALE 1 




J L 






— *c 


1 1 




1.1 1" | 'CA1 


WR 


|, 














*DW | 


Bus Floating . 


[Address^ Floating ] 


v Data j[ Floating 




^t A *| 
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Port 2 Expansion Timing 



S J^"\ 



Sr^ PCh ^ r W"""" 7 ^ 0u,pu,Da,a 



Expander. 

Port 

Input 



y^v 



Port 2,)-Port23 Data 



~y ». n ~' 






Port 2 -Port2 3 Data tcP ~^K|t^7t; 



:c3Ec 



' Input 
Data 



r 



//0 Port Timing 



2nd Cycle 



1st Cycle 



"Y 



A~\ 



P2 " - PJ3 ~ X PC H ) (Port2 -Port23DTt7) frlew P2q-P2 3 Datffi "c H 



P24 - P2 7 . u 

P10 — Pl7 Port 2,-Port2 7 Data, Port 1 -Port1 7 Data ). New Port [ 
Output 2 1 2 ' f\ 



r 



Bus Timing Requirements 






Symbol 


Timing Formula 


Min/Max 


Unit 


III 


(7/30)t CY -170 


Min 


ns 


tAL 


(1/5)t CY -110 


Min 


ns 


tLA 


(1/15) tcY-40 


Min 


ns 


l CC1 


,(1/2)t CY -200 


Min 


ns 


l CC2 


(2/5)t CY -200 


Min 


ns 


l DW 


(13/30)t CY -200 


Min 


ns 


t\A/D 


(1/15) tcv-40 


Min 


ns 


*DR 


(1/10)t CY -30 


Max 


ns 


tRD1 


(2/5)t CY -200 


Max 


ns 


l RD2 


(3/10)t CY -200 


Max 


ns 


Uw 


(2/5)t C Y-150 


Min 


ns 


l AD1 


(23/30)t CY -250 


Max 


ns 


l AD2 


(3/5)t CY -250 


Max 


ns 


*AFC1 


(2/15) tcv-65 


Min 


ns 


UFC2 


(1/30)t CY -40 


Min 


ns 


^LAFCI 


(1/5)t CY -75 


Min 


ns 


l LAFC2 


(1/10)t CY -75 


Min 


ns 


tCA1 


(1/15) tcv-50 


Min 


ns 


l CA2 


(4/15)t C Y-50 


Min 


ns 


l CP 


(1/10) tcv-40 


Min 


ns 


l PC2 


(4/15)t CY -200 


Min 


ns 


tpR 


(17/30) tcY-120 


Max 


ns 


tpF 


(1/10)tcY 


Max 


ns 


l DP 


(2/5) tcY-150 


Min 


ns 


l PD 


(1/10) t CY -50 


Min 


ns 


tpp 


(7/10)t CY -250 


Min 


ns 


IPL 


(4/15)t CY -200 


Min 


ns 


tLP 


(1/30)t CY -40 


Min 


ns 


tpv 


(3/10)t C Y+100 


Max 


ns 


tOPRR 


(1/5)t CY 


Min 


ns 


l CY 


(1/f X TAL)x15 




MS 



E 
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Operating Characteristics 



lOH vs VOH 



lOH vs VOH 




O -50 -5 









Vdd = 


25 °C 
= 4.5V 








\Typ 








MlnS 







Output Voltage High Vqh [V] 



Output Voltage High VOH1 [V] 



lOH VS VDD 



iohvsvdd 



- -100 -10 



a a. 







T A = 25°C 
VOH1 = 2.4 V 
























» — 












Supply Voltage Vdd [V] 



Supply Voltage Vdd [V] 



iol vs vdd 



iol vs vol 









Ta = 25°C 

Vol = 0.45 v . 













Ta = 25°C 

Vdd = 4.5 V s' 







Supply Voltage Vdd [V] 



Output Voltage Low Vol [V] 
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Operating Characteristics (cont) 



IDD/IDD1 vsf 



IDD/IDD1 vsf 





I I 










| 
















T A = 25°C 
V D D = 5.5V 










IDD Max 






























■^"" I 
































































































IDO Typ 










































^,-' 
















IDD1 Max 
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- 


iDDlTyp 
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1 ^ ^t S ^ 



0.1 0.2 0.5 1 2 5 10 15 

Supply Voltage Vdd [V] 
Curves below 1 MHz show characteristics for external oscillation 





















T A = 25 °C 
Vdd = 3V 




















































































































iDDMax 
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'DDTyp 
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lODlMax 




























































































'DD1 Typ 





















































Oscillation Frequency f [MHz] [f = 15 tCY] 
Curves below 1 MHz show characteristics for external oscillation. 



tcY vs Vdd 



tpci Max [80C49H] and tACC Min [82C43] vs Vdd 



U 20 

a 

E 















































Operation 
Secured Area 














































TA = -40to+85°C 





















Supply Voltage Vdd [V] 



I I 



250 










T A = 25°C 


150 

100 

50 








juPD82C43 
. t A CC Min 








APD80C49H 
tpci Max 


















I » 











E 



Supply Voltage Vdd [V] 
Note: Curves without "operation secured area" show reference data. 
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Functional Description 

The mPD80C40H/jhPD80C50H has the following func- 
tional blocks: 



Instruction Decoder 

The instruction decoder stores the operation code of 
each instruction and converts it into outputs that con- 
trol the functions of each block. These outputs control 
the functions executed by the ALU, data source, and 
specified registers. 

Arithmetic Logic Unit (ALU) 

The ALU receives 8-bit data from the accumulator or 
temporary register and computes an 8-bit result under 
control of the instruction decoder. 

The ALU executes the following functions: 

• Add with carry or add without carry 

• Logical AND, OR, XOR 

• Increment and decrement 

• Bit complement 

• Rotate left and right 

• Swap nibbles 

• BCD decimal correction 

When a carry results from ALU overflows, the carry bit of 
the program word is set. 

Accumulator 

The accumulator is an 8-bit register that stores ALU in- 
put data and arithmetic results. It can also be used for 
transferring data between I/O ports and memory. 

Temporary Register 

The temporary register is an 8-bit register used for the 
internal processing necessary with operations such as 
multiply or divide. The contents of the temporary regis- 
ter are input to the ALU. 

Program Counter 

The program counter is a 12-bit register that addresses 
on-chip program memory by specifying the address of 
the next instruction to be executed. 

Program Memory 

The /uPD80C50H contains a mask-programmable ROM 
of 4096 x 8 bits. Program memory can be addressed by 
a program counter. The nPD80C40H has no internal 
ROM, so it uses external program memory. External pro- 
gram memory is accessed by DB0-DB7, P2n-P23, and 
PSEN. 



Data Memory 

The mPD80C40H/mPD80C50H has 256 words x 8 bits of 
internal RAM for data memory. Data memory can be ex- 
ternally expanded 256 words maximum when needed. 

RAM Address Register 

The RAM address register specifies the next address to 
be accessed in data memory. 

Program Status Word 

The PSW (figure 1) is an 8-bit status word containing the 
information shown in table 1. 

Figure 1. Program Status Word 



CY AC I F0 I BS 



S2 S1 SO 



1 

Stack save possible 
CY Carry 

AC Auxiliary Carry 
F0 Flag 
BS Register Bank Select 



Table 1. 


PSW Bit Functions 


Bits 0-2 


Stack pointer bits (S0-S2) 

A RESET clears the stack pointer to 0. 


Bit 3 


Not used (1). 


Bit 4 


Working register bank switch bit (BS) '■ 

0=BankO 

1 = Bank1 


Bit 5 


Flag bit (F0). 

User-controlled bit that can be complemented, cleared, or 

tested by conditional jump instruction JFO. 


Bit 6 


Auxiliary Carry (AC) 

Generated by an auxiliary carry, ADD instruction. Can by used 

by decimal adjust instruction DA A. 


Bit 7 


Carry flag (CY) 

Indicates that an accumulator overflow has taken place with 

the previously executed instruction. 



Conditional Branch Logic 

The conditional branch logic is used to test processor 
conditions. Use a conditional jump instruction to test 
the conditions shown in table 2. 
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Table 2. Branching Conditions 



Figure 2. Timer/ Event Counter 



Test Device 


Conditional Jump 


Accumulator 


AIIO 


Not all 


Accumulator bit 


- 


1 


Carry flag 





1 


User flags (FO, F1) 


- 


1 


Timer overflow flag 


- 


1 


Test inputs (TO, T1) 





1 


Interrupt input (INT) 





- 



Control Logic 

The control logic generates or receives the signals that 
control various functions including memory reads and 
writes, interrupts, software STOP mode, resets, and ex- 
ternal memory fetches. 

Reset Functions 

A reset performs the following functions: 

• Clears the program counter and the stack pointer 
toO 

• Selects register bank and memory bank 

• Sets the data bus in a high impedance state 
(except when EA is high) 

• Sets ports 1, 2 in input mode 

• Disables interrupts (timer and external) 

• Stops the timer 

• Clears the timer flag, FO, and F1 

• Disables the clock output from TO 

• Releases HALT and STOP modes 

Timer/ Event Counter 

The timer/event counter can count external events in or- 
der to generate a precise time delay. The counter opera- 
tion is the same in both modes, the only difference is 
the input source. 

The counter is an 8-bit binary up counter (figure 2) that 
can be reset. It is possible to transfer the contents of the 
timer to the accumulator and vice-versa by using the 
MOV A, T and MOV T, A instructions, respectively. The 
contents of the counter can be independently initialized 
by the MOV T, A instruction. Use the STRT T instruction 
to use the counter as a timer and the STRT CNT instruc- 
tion to use the counter as an event counter. 

Once the counter starts, it continues counting u ntil the 
program executes a STOP TCNT instruction or RESET 
becomes active. The counter is incremented up to the 
maximum count (FFH) and overflows when the count 
goes from FFH to 00H. 



Prescaler 

(-32) 



MOV T, A* 
MOV A, T* 



:<*> 



8 Bit Timer 
Event Counter 



Timer 
Flag(TF) 

JTF* 



• Execution of instruction 



Event Counter. When the T1 pin and counter input are 
connected by the execution of a STRT CNT instruction, 
the counter starts counting as an event counter. A 
change in T1 from high to low causes a count signal 
which increments the counter by +1. The maximum 
speed of a count increment is one count per 3 machine 
cycles. When a 12 MHz crystal is used, the maximum 
speed is 1 count per 3.75 jus. There is no mimimum 
speed. After a count signal the T1 input must be held low 
at least 250 ns (at 12 MHz). 

Timer. When an internal clock is connected with the 
counter input by the execution of the STRT T instruc- 
tion, the counter starts counting as a timer. When used 
as a machine cycle clock, ALE is passed through a pre- 
scaler which generates an internal clock that incre- 
ments the timer every 32 machine cycles. The prescaler 
is reset during the execution of a STRT T instruction. 
With a 12 MHz crystal, the counter is incremented by +1 
at each 25 kHz clock every 40 ^s. 

You can obtain a delay from 40 ps to 10 ms (256 counts) 
by presetting the counter and detecting the overflow. To 
obtain time, through software control, in excess of 
10 ms, count overflows in a separate register. To count in 
steps of 40j*s or less, an external clock can be supplied 
to the T1 input which causes the counter to operate in 
the event counter mode. Use the ALE frequency divided 
by 3 or more for the external clock. Use a software delay 
loop for fine adjustment of an extremely small or large 
delay. 

Ports 1 and 2 Latch and Buffer 

Ports 1 and 2 are 8-bit input/output ports. The data writ- 
ten to the port by an output instruction is latched and 
output and the data is maintained unless a new output 
instruction is executed. Input data is not latched, so it is 
necessary to stabilize input data when reading data by 
an input instruction. 

Several port-loading options are available. At the time 
you order a mask ROM, (nPD80C50H), you can desig- 
nate the pullup resistors for port lines PI0-PI7, P2o-P23, 
and P24-P27. 



E 
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Three types of pullup resistors are available: 


Type 


OOH = 


-5 M A:V DD = 


+5V +10%) 


Type 1 


fll)H = 


-50 M A:V DD : 


= +5V+10%) 


Type 2 


No pullup resistor 





Only type pullup resistors are available with the 
M PD80C40H. 

Timing Logic 

The oscillator generates a clock signal that controls all 
system timing operations. Oscillation is generated by 
either an external self-oscillating element or external 
clock input. The oscillator acts as an internal high-gain 
amplifier for serial resonance. To obtain the oscillation 
frequency, an external LC network or a crystal or ce- 
ramic external resonator may be connected. 

As the crystal frequency is lowered, there is an equiva- 
lent reduction in series resistance (R). As the 
temperature of the crystal is lowered, R is increased. 
Due to this relationship, it becomes difficult to stabilize 
oscillation where there is low power supply voltage. 
When Vqc is less than 2.7V and the oscillator fre- 
quency is 3 MHz or less, Ta (ambient temperature) 
should not be less than - 10°C. 

Standby Control 

The standby control circuitry allows low power con- 
sumption operation. The standby function operates in 2 
modes: HALT and STOP. 

HALT Mode 

In HALT mode, the oscillation circuit continues to oper- 
ate but the internal clock stops. The CPU holds all the 
status of the internal circuits just prior to execution of 
the HALT instruction. In HALT mode, power consump- 
tion is much less than normal. 

Setting HALT Mode. HALT mode is set by execution 
of the HALT instruction and released by either INT or 
RESET. If interrupts are disabled and INT becomes low 
at a machine cycle right before the HALT instruction 
and remains low during 2 machine cycles, the HALT in- 
struction byte will be fetched and decoded, but the 
HALT mode will not be set. Program operation resumes 
from the instruction following the HALT instruction. 

If interrupts are enabled under the same conditions as 
above, the HALT instruction byte will be fetched and de- 
coded but the HALT mode will not be set and the pro- 
gram will jump to the interrupt start address. After 
returning from the interrupt routine, the program will 
continue from the instruction following the HALT in- 
struction. 



Releasing H ALT Mo de. Release HALT mode by activat- 
ing INT or RESET. When using INJ_to release HALT 
mode, a low level is present at the INT pin and the inter- 
nal clock is restarted. If interrupts are enabled, the inter- 
rupt is executed after the first instruction following the 
HALT instruction. 

In the interrupt enable state, hold the INT pin low until 
the interrupt procedure is started to ensure the inter- 
rupt. 



When using RE SET to release HALT mode, a low level is 
present at the RESET pin and the HALT mode i s reset 
and a normal reset operation is executed. When RESET 
goes to a high level, the program starts from address 0. 

STOP Mode 

In STOP mode, the oscillator stops and only the con- 
tents of RAM are maintained. Power consumption is 
lower than that of the HALT mode. You can s et the S TOP 
mode with hardware, by controlling the RESET and 
STOP pins; and by software, by executing the corres- 
ponding instruction. 

Hardware STOP Mode 

In hardware STOP mode, the contents of RAM can be 
held at a voltage as low as +2.0 V. 



To set hardware STOP mode, set the RESET pinto a low 
level to protect the contents of RAM. Set the STOP pin to 
a low level to stop operation of the oscillation circuit. 

To release hardware STOP mode, apply the normal oper- 
ating level ( +2.5 V to +6.0 V) to the power supply at the 
Vqd P in - As figure 3 s hows, s et the STOP pin to a high 
level while holding the RESET pin at a low lev el. This will 
restart the oscillation circuit. When RESET is set high 
after oscillation circuit operation is stabilized, th e pro- 
gram is started from address 000H. Because the STOP 
pin contro ls oscillator operation, be careful to protect 
the STOP pin from noise. 

When power is turned on, or when STOP mode is 
released, the oscillation circuit restarts. Because the 
crystal or ceramic resonator utilizes mechanical vibra- 
tion, a certain time is required for the oscillation to sta- 
bilize. The "t" represents the oscillation stabilizing wait 
time in the timing waveform. 

During this wait time, it is necessary to stop instruction 
execution in order to prevent CPU errors, Therefore, "t" 
must be longer than the oscillator's stabilizing time. 

Oscillation stabilizing time differs somewhat by the 
type of oscillator used. With a 6 MHz oscillation fre- 
quency, a crystal resonator needs several milliseconds 
to stabilize, while a ceramic resonator needs several 
hundred microseconds. Figure 4 shows how to easily 
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Figure 3. Oscillator Stop and Start 
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Figure 4. Hardware STOP Mode Control Circuit 
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control the hardware STOP m ode by externally connect- 
ing a capacitor to the RESET pin. This allows control of 
the oscillation stabilizing time. 

Software STOP Mode 

In software STOP mode, the oscillation circuits stop, 
but the CPU maintains all status of internal circuits and 
data existing just before the STOP instruction. Software 
STOP mode is the same as when the oscillation circuit 
stops in HALT mode. 

In software STOP mode, if a capacitor (Css) is con- 
nected to the SS pin as shown in figure 5, you can obtain 
the oscillation stabilizing wait time when releasing 
STOP mode. 

Setting Software STOP Mode. To set software STOP 
mode, execute the STOP instruction. This sets the inter- 
nal software STOP mode flip-flop which stops the oscil- 
lator and turns transistors A and B off and on, 
respectively. Capacitor Css discharges through transis- 
tor B causing the SS pin to go low. 

Releasing Software STOP Mode. T o release software 
STOP mode, apply an INT or RESET input. 

When using the INT input (figure 6), a low at the INT pin 
resets the software STOP flip-flop and turns transistors 



A and B on and off, respectively. Then the oscillator re- 
starts, but since SS is still low, program execution re- 
mains stopped. With transistor A on, Css charges and 
causes SS to go to a high level. Then, program execu- 
tion restarts. The time it takes forSS to reach the thresh- 
old of a logic 1 determines the oscillation stabilizing 
wait time. 

After software STOP mode is released, if interrupts are 
disabled as in the HALT mode, program execution is re- 
sumed from the instruction following the STOP instruc- 
tion. If interrupts are enabled, the interrupt procedure is 
initiated (address 003H) after the execution of 1 instruc- 
tion following the STOP instruction. To assure the inter- 
rupt, hold INT at a low level until the interrupt procedure 
is initiated. Even with short low level timing, the inter- 
rupt procedure will be assured if you place a 1-machine 
cycle instruction after the STOP instruction. However, it 
is recommended that you hold INT low for at least 2 ma- 
chine cycles. 



When using the RESET input, a low level at the RESET 
pin resets the software STOP flip-flop. The oscillator 
starts and the SS pin goes to a high level as Css is 
charge d. The program starts from address 000H when 
RESET goes high. Also, since the oscillation stabiliz ing 
wait time is generated when SS is low, the RESET pin 
should be held low longer than the SS pin. When the os- 
cillation stabilizing wait time is obtained by the exter- 
nally connected capaci tor, the value of the capacitor 
(Crst) connected to the RESET pin (figure 4) should be 
set at least 3 timesjarger than that of capacitor Css 
connected to the SS pin. For example, if Css is set to 
0.33 M F, Crst should be VF. 



E 
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Figure 5. Software STOP Mode Control Circuit 




Figure 6. Software STOP Mode Timing 
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Instruction Set 





Operation 


Description 


Hex 
Code 






Operation Code 






Mnemonic 


">7 


D 6 


D5 


D 4 


03 


D 2 


Dl 


Oq Cycles Bytes 


Accumulator 


ADD A, # data 


(A) — (A) + data 


Add immediate the specified data to the accumulator. (2) 


03 



d 7 



d 6 



d 5 




d 4 



d 3 




d 2 


1 
di 


1 2 2 
do 


ADD A, Rr 


(A) — (A) + (Rr) for 
r = 0-7 


Add contents of designated register to the accumulator.^) 


6n(4) 





1 


1 





1 


r 


r 


r 1 1 


ADD A, @ Rr 


(A) — (A) + ((Rr)) for 

r = 0-1 


Add indirect the contents the data memory location to the 
accumulator.(2) 


6n(4) 





1 


1 














r 1 1 


ADDC A, # data 


(A) — (A) + (C) + data 


Add immediate with carry the specified data to the accumulator. (2) 


13 



d 7 



d 6 



d 5 


d 4 



d 3 




d 2 


1 

di 


1 2 2 

do 


ADDC A, Rr 


(A)-(A)+(C)+(Rr) 
for r = 0-7 


Add with carry the contents of the designated register to the 
accumulator.(2) 


7n(4) 





1 


1 




1 


r 


r 


r 1 1 


ADDC A, @ Rr 


(A)-(A)+(C)+((Rr)) 
for r = 0-1 


Add indirect with carry the contents of data memory location to the 
accumulator. (2) 


7n(4) 





1 


1 













r 11 


ANLA,#data 


(A) ■«- (A) AND data 


Logical AND specified immediate data with accumulator. 


53 



<*7 


1 

d 6 



d 5 


d 4 



d 3 




d 2 


1 
di 


1 2 2 
do 


ANLA, Rr 


(A) *- (A) AND (Rr) for 
r = 0-7 


Logical AND contents of designated register with accumulator. 


5n(4) 





1 







1 


r 


r 


r 1 1 


ANLA, @Rr 


(A) — (A)AND((Rr)) 
for r = 0-1 


Logical AND indirect the contents of data memory with 
accumulator. 


5n(4) 





1 
















r 1 1 


CPLA 


(A)*- NOT (A) 


Complement the contents of the accumulator. 


37 








1 







1 


1 


1 1 1 


CLRA 


(A)— 


Clear the contents of the accumulator. 


27 








1 








1 


1 


1 1 1 


DA A 




Decimal adjust the contents of the accumulator. (2) 


57 





1 










1 


1 


1 1 1 


DEC A 


(A)-(A)-1 


Decrement by 1 the accumulator's contents. 


07 

















1 


1 


1 1 1 


INC A 


(A) — (A)+1 


Increment by 1 the accumulator's contents. 


17 
















1 


1 


1 1 1 


ORLA,#data 


(A) ~- (A) OR data 


Logical OR specified immediate data with accumulator. 


43 



d 7 


1 

d 6 



d 5 




d 4 



d 3 




d 2 


1 
di 


1 2 2 

do 


ORLA, Rr 


(A) *- (A) OR (Rr) for r = 0-7 


Logical OR contents of designated register with accumulator. 


4n(4) 





1 








1 


r 


r 


r 1 1 


ORLA, @R.r 


(A) — (A) OR ((Rr)) for 
r = 0-1 


Logical OR indirect the contents of data memory location with 
accumulator. 


4n(4) 





1 

















r 1 1 


RLA 


.(Am +1 ) — (A N ) 

(Ao) — (A7) for N = 0-6 


Rotate accumulator left by 1 bit without carry. 


E7 


1 


1 


1 








1 


1 


1 1 1 


RLCA 


(A N+ i) — (A N );N = 0-6 

(A )-(C) 

(C)-(A 7 ) 


Rotate accumulator left by 1 bit through carry. 


F7 


1 


1 


1 


1 





1 


1 


1 1 1 


RRA 


(A N ) — (A N+1 );N = 0-6 
(A 7 )-(A ) 


Rotate accumulator right by 1 bit without carry. 


77 





1 


1 


1 





1 


1 


1 1 1 



8 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic 


D7 


D 6 


D5 


D 4 


D 3 


D 2 


Dl 


DO 


Bytes 


Accumulator (cont) 


RRCA 


(An) — (A N+1 );N = 0-6 
(A?) -(C) 
(C)-(A ) 


Rotate accumulator right by 1 bit through carry. 


67 





1 


1 








1 


1 


1 


1 


1 


SWAP A 


(A4-A7J— (A0-A3) 


Swap the 2 4-bit nibbles in the accumulator. 


47 





1 











1 


1 


1 


1 


1 


XRLA,#data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


D3 


1 
d 7 


1 
°6 



d 5 


1 

d 4 



d 3 



d 2 


1 

- <H 


1 

do 


2 


2 


XRLA, Rr 


(A) — (A) XOR (Rr) for 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


Dn(4) 


1 


1 





1 


1 


r 


r 


r 


1 


1 


XRLA,@Rr 


(A) — (A) XOR ((Rr)) for 
r = 0-1 


Logical XOR indirect the contents of data memory location with 
accumulator. 


Dn(4) 


1 


1 





1 











r 


1 


1 


Branch 


DJNZ Rr, addr 


(Rr) ^ (Rr) - 1; r = 0-7 

lf(Rr)#0; 
(PC -PC 7 ) — addr 


Decrement the specified register and test contents. 


En 


1 

37 


1 
36 


1 
35 




34 


1 
33 


r 

32 


r 

31 


r 

30 


2 


2 


JBbaddr 


(PC0-PC7) — addr if Bb = 1 

(PC) — (PC) + 2 if Bb = 


Jump to specified address if accumulator bit is set. 


x2(6) 


b 2 
37 


bi 

36 


bo 
35 


.1 

34 




33 




32 


1 

31 




30 


2 


2 


JC addr 


(PC0-PC7) *- addr if C = 1 
(PC) *- (PC) + 2 if C = 


Jump to specified address if carry flag is set. 


F6 


1 
37 


1 

36 


1 
35 


1 
34 



33 


1 
32 


1 
31 




30 


2 


2 


JFOaddr 


(PC0-PC7) *- addr if FO = 1 

(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


B6 


1 
37 



36 


1 
35 


1 
34 



33 


1 
32 


1 
31 




30 


2 


2 


JF1 addr 


(PC0-PC7) — ' addr if F1 = 1 
(PC) — (PC) + 2 if F1 = 


Jump to specified address if flag F1 is set. 


76 



37 


1 
36 


1 
35 


1 

34 



33 


1 
32 


1 
31 



30 


2 


2 


JMPaddr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PCnJ-DBF 


Direct jump to specified address within the 2K address block. 


x4(6) 


310 
37 


39 
36 


38 
35 



34 



33 


1 
32 



31 



30 


2 


2 


JMPP@A 


(PC -PC 7 )- ((A)) 


Jump indirect to specified address with address page. 


B3 


1 





1 


1 








1 


1 


2 


1 


JNC addr 


(PC0-PC7) ^— addr if C = 

(PC) — (PC)+2ifC = 1 


Jump to specified address if carry flag is low. 


E6 


1 
37 


1 
36 


1 
35 



34 



33 


1 
32 


1 
31 



30 


2 


2 


JNI addr 


(PC0-PC7) — addr if I = 
(PC) — (PC) + 2 if I = 1 


Jump to specified address if interrupt is low. 


86 


1 
37 



36 




35 



34 



33 


1 
32 


1 
31 



30 


2 


2 


JNTOaddr 


(PC0-PC7) — addr if TO = 

(PC) — (PC) +2 if TO = 1 


Jump to specified address if test is low. 


26 



37 



36 


1 
35 



34 




33 


1 
32 


1 

31 



30 


2 


2 


JNT1 addr 


(PC0-PC7) *- addr if T1 = 

(PC) — (PC)+2ifT1 = 1 


Jump to specified address if test 1 is low. 


46 



37 


1 
36 




35 



34 


. 

33 


1 
32 


1 
31 



30 


2 


2 


JNZaddr 


(PC0-PC7)— addr if A* 
(PC) — (PC) + 2 if A = 


Jump to specified address if accumulator is non-zero. 


96 


1 
37 



36 




35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic 


">7 


D 6 


D 5 


»4 


D 3 


»2 


">1 


D 


Bytes 


Branch (cont) 


JTF addr 


(PC -PC 7 ) — addrifTF = 1 
(PC) -«- (PC) +- 2 if TF = 


Jump to specified address if timer flag is set to 1. 


16 



37 



36 



35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 


JTO addr 


(PC0-PC7) ^ addr if TO = 1 

(PC) — (PC) +2 if TO = 


Jump to specified address if test is a 1. 


36 



37 



36 


1 
35 


1 
34 



33 


1 
32 


1 

31 



30 


2 


2 


JT1 addr 


(PC -PC 7 ) — addr if T1 = 1 
(PC)'— (PC) +2 if T1 = 


Jump to specified address if test 1 is a 1. 


56 



37 


1 
36 



35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 


JZaddr 


(PC0-PC7)— addr if A = 
(PC) — (PC) + 2 if A = 1 


Jump to specified address if accumulator is 0. 


C6 


1 
37 


1 
36 



35 




34 



33 


1 
32 


1 

31 



30 


2 


2 


Control 



EN I 






Enable the external interrput input. 


05 

















1 







1 


1 


DISI 






Disable the external interrupt input. 


15 











1 





1 







1 


1 


ENTO CLK 






Enable the clock output pin TO. 


75 







1 


1 





1 







1 


1 


SEL MBO 


(DBF) — 




Select bank (locations 0-2047) of program memory. 


E5 


1 




1 








1 







1 


1 


SEL MB1 


(DBF) — 1 




Select bank 1 (locations 2048-4095) of program memory. 


F5 


1 




1 


1 





1 







1 


1 


SEL RBO 


(BS) — 




Select bank (locations 0-7) of data memory. 


C5 


1 













1 







1 


1 


SEL RB1 


(BS) — 1 




Select bank 1 (locations 24-31) of data memory. 


D5 


1 







1 





1 







1 


1 


HALT 






Initiates halt mode. 


01 

























1 


1 


STOP 






Sets CPU to software stop mode. 


82 


1 

















1 




1 


1 


Data Moves 


MOV A, # data 


(A) — data 




Move immediate the specified data into the accumulator. 


23 



d 7 



d 6 


1 

d 5 




d 4 



d 3 




d 2 


1 

dl 


do 


2 


2 


MOV A, Rr 


(A)-(Rr);r = 


= 0-7 


Move the contents of the designated registers into the 
accumulator. 


Fn(4) 


1 


1 


1 


1 


1 


r 


r 




1 


1 


MOV A, @ Rr 


(A)-((Rr));r 


= 0-1 


Move indirect the contents of data memory location into the 
accumulator. 


Fn(4) 


1 


1 


1 


1 













1 


1 


MOV A, PSW 


(A) — (PSW) 




Move contents of the program status word into the accumulator. 


C7 


1 


1 











1 


1 




1 


1 


MOV Rr, # data 


(Rr) — data; r 


= 0-7 


Move immediate the specified data into the designated register. 


Bn(4) 


1 

d 7 



d 6 


1 

d 5 


1 

d 4 


1 
d 3 


r 
d 2 


r 

di 


do 


2 


2 


MOV Rr, A 


(Rr)-(A);r = 


= 0-7 


Move accumulator contents into the designated register. 


An(4) 


1 





1 





1 


r 


r 




1 


1 


MOV @ Rr, A 


((Rr))-(A);r 


= 0-1 


Move indirect accumulator contents into data memory location. 


An(4) 


1 





1 
















1 


1 


MOV @ Rr, # data 


((Rr)) — data; 


r = 0-1 


Move immediate the specified data into data memory. 


Bn(4) 


1 



d 6 


1 
d 5 


1 

d 4 



d 3 



d 2 




di 


do 


2 


2 


■p» MOV PSW, A 


(PSW) — (A) 




Move contents of accumulator into the program status word. 


D7 


1 


1 





1 





1 


1 




1 


1 



8 
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t Instruction Set (cont) 





Operation 


Description 


Hex 
Code 






( 


)peration Code 








Mnemonic 


D 7 


D 6 


D 5 


D 4 


Dl. 


D 2 


Di 


Do 


Cycles Bytes 


Data Moves (cont) 


M0VPA,@A 


(PC -PC 7 )- (A) 
(A) -((PC)) 


Move data in the current page into the accumulator. 


A3 


1 





1 











1 




2 1 


M0VP3A,@A 


(PC -PC 7 )- (A) 
(PC 8 -PCu) — 0011 
(A) -((PC)) 


Move program data in page 3 into the accumulator. 


E3 


1 


1 


1 











1 




2 1 


M0VXA,@R 


(A)-((Rr));r = 0-1 


Move indirect the contents of external data memory into the 
accumulator. 


8n(4) 


1 






















2 1 


MOVX @ R, A 


((Rr)) — (A); r = 0-1 


Move indirect the contents of the accumulator into external data 
memory. 


9n(4) 


1 








1 













2 1 


XCH A, Rr 


(A)*— * (Rr); r = 0-7 


Exchange the accumulator and designated register's contents. 


2n(4) 








1 





1 


r 


r 






XCH A, @ Rr 


(A)— ((Rr)); r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 


2n(4) 








1 


















XCHDA,@Rr 


(A -A 3 )— ((Rr)) -((Rr)) 3 ; 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data memory. 


3n(4) 








1 


1 















Flags 


CPLC 


(C) — NOT (C) 


Complement contents of carry bit. 


A7 


1 





1 








1 


1 






CPLFO 


(FO) — NOT(FO) 


Complement contents of flag FO. 


95 


1 








1 





1 









CPLF1 


(F1) — NOT(F1) 


Complement contents of flag F1. 


B5 


1 





1 


1 





1 









CLRC 


(C)-0 


Clear contents of carry bit to 0. 


97 


1 








1 





1 


1 






CLR FO 


(FO)-O 


Clear contents of flag to 0. : 


85 


1 














1 









CLRF1 


(F1)-0 


Clear contents of flag 1 toO. 


A5 


1 





1 


b 





1 





1 


1 i 


Input/Output 


ANLBUS, 
#data 


(bus) — (bus) AND data 


Logical AND immediate specified data with contents of bus. 


98 


1 

d 7 



d 6 



d 5 


i 
d 4 


1 

d 3 




d 2 



di 



do 


2 2 


ANLPp, 
#data 


(Pp) — (Pp) AND data 
P = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


9n(5) 


1 
d 7 



d 6 



d 5 


t 

d 4 


1 
d 3 




d 2 


P 
di 


P 
do 


2 2 


ANLD Pp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Logical AND contents of accumulator with designated port (4-7). 


9n(5) 


1 








1 


1 


1 


P 


P 


2 1 


IN A, Pp 


(A) — (Pp); p = 1-2 


Input data from designated port (1-2) into accumulator. 


0n(5) 














1 





P 


P 


2 1 


INS A, BUS 


(A) — (bus) 


Input strobed bus data into accumulator. 


08 














1 











2 .1 . 


MOVDA, Pp 


(A -A 3 )-(Pp);p = 4-7 
(A 4 -A 7 )— 


Move contents of designated port (4-7) into accumulator. 


0n(5) 














1 


1 


p 


P 


2 1 
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Instruction Set (cont) 





Operation 


Description 


Hex 
Code 








Operation Code 






Cycles 




Mnemonic 


D7 


D 6 


D5 


D4 


D3 


D 2 


Dl 


Do 


Bytes 


Input /Output (cont) 


MOVD Pp, A 


(Pp) — (A -A 3 ); p = 4-7 


Move contents of accumulator to designated port (4-7). 


3n(5) 








1 


1 


1 


1 


P 


P 


2 


1 


ORLBUS, 
#data 


(bus) — (bus) OR data 


Logical OR immediate specified data with contents of bus. 


88 


1 
d 7 



d 6 



d 5 



d 4 


1 
d 3 




d 2 




di 



do 


2 


2 


ORLD Pp, A 


(Pp)-(Pp)OR(A -A 3 ); 
p = 4-7 


Logical OR contents of accumulator with designated port (4-7). 


8n(5) 


1 











1 


1 


P 


P 


2 


1 


ORLPp, 
#data 


(Pp) — (Pp) OR data 
P = 1-2 


Logical OR immediate specified data with designated port (1-2). 


9n(5) 


1 
d 7 



d 6 



d 5 




d 4 


1 

d 3 




d 2 


P 
di 


P 

do 


2 


2 


OUTL BUS, A 


(bus) — (A) 


Output contents of accumulator onto bus. 


02 




















1 





2 


1 


OUTL Pp,A 


(Pp) — (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 


3n(5) 








1 


1 


1 





P 


P 


2 


1 


Registers 


DECRr 


(Rr) — (Rr) - 1; r = 0-7 


Decrement by 1 contents of designated register. 


Cn(4) 


1 


1 








1 


r 


r 


r 


1 


1 


INC Rr 


(Rr) — (Rr) +1; r = 0-7 


Increment by 1 contents of designated register. 


1n(4) 











1 


1 


r 


r 


r 


1 


1 


INC@Rr 


{(Rr)) — ((Rr)) +1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 


1n(4) 











1 











r 


1 


1 


Subroutine 



CALL addr ((SP)) — (PC), (PSW4-PSW7) Call designated subroutine. 

(SP) — (SP) + 1 
(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PCn)-DBF 



x4(6) a 10 a 9 a 8 1 1 
a 7 a 6 a 5 a 4 a 3 a 2 



RET 


(SP) — (SP) - 1 
(PC)-((SP)) 




Return from subroutine without restoring program status word. 


83 


1 











1 


1 2 1 


RETR 


(SP) — (SP) - 1 
(PC) — ((SP)) 
(PSW 4 -PSW 7 ) — 


-((SP)) 


Return from subroutine restoring program status word. 


93 


1 





1 





1 


1 2 1 


Timer/ Counter 



EN TCNTI 




Enable internal interrupt flag for timer / counter output. 


25 








1 








1 





1 1 1 


DIS TCNTI 




Disable internal interrupt flag for timer / counter output. 


35 








1 


1 





1 





1 1 1 


MOVA.T 


(A)-(T) 


Move contents of timer/ counter into accumulator. 


. 42 







0. 











1 


1 1 


MOV T, A 


(T)-(A) 


Move contents of accumulator into timer/ counter. 


62 







1 











1 


1 1 


STOPTCNT 




Stop count for event counter. 


65 







1 








1 





1 1 1 


STRTCNT 




Start count for event counter. 


45 
















1 





1 1 1 


STRTT 




Start count for timer. 


55 










1 





1 





1 1 1 
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f" Instruction Set (cont) 

ro * * 

CD 
O 





Operation 


Description 


Hex 
Code 






Operation Code 






Cycles 




Mnemonic 


»7 


»6 


D 5 D 4 D 3 D 2 


D1 


Oo 


Bytes 


Miscellaneous 


NOP 




No operation performed. 


00 

















1 


1 



Note: 

(1) Binary instruction code designations r and p represent encoded values or the lowest-order bit value of specified registers and ports, respectively. 

(2) Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations. These instructions set the carry flags when there is an 
overflow in the accumulator (the auxiliary carry flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow. Flags that are specifically 
addressed by flag instructions are shown in the function equations for those instructions. 

(3) References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction. 

(4) The hex value of n for specific registers is as follows: 

a) Direct addressing 

RO: n = 8 R2: n = A R4: n = C R6: n = E 

R1: n = 9 R3: n = B R5: n = D R7: n = F 

b) Indirect addressing 

@ RO: n = @ R1: n = 1 

(5) The hex value of n for specific ports is as follows: 
PI: n = 9 P4: n = C P6: n = E 

P2:n = A P5:n = D P7:n = E 

(6) The hex value of x for specific accumulator or address bits is as follows: 
a) JBb instruction 

B : x = 1 B 2 : x = 5 B 4 : x = 9 B 6 : x = D 
B 1 :x = 3 B 3 :x = 7 B 5 :x = B B 7 :x = F 
b)JMP instruction 
Page 0: x = Page 2: x = 4 Page 4: x = 8 Page 6: x = C 
Page1:x = 2 Page3:x = 6 Page5:x = A Page7:x = E 

c) CALL instruction 

Page 0: x = 1 Page 2: x = 5 Page 4: x = 9 Page 6: x = D 
Page 1: x = 3 Page 3: x = 7 Page 5: x = B Page 7: x = F 
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SEC 



ATPD80C40H/50H, //PD50H 



Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (ao~aj) or (an-a-io) 


b 


Accumulator bit (b= 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


data 


Number or expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


I Interrupt 


n 


Indicates the hex number of the specified register 
or port 


PC 


Program counter 


Pp 


Port designator (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register designator (r=0-7) 



Symbol 


Description 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


T0.T1 


Testable flags 0, 1 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


X 


Indicates the hex number corresponding to the 
accumulator bit or page number specified in the 
operand 


(x) 


Contents of external RAM location 


((x)) 


Contents of memory location addressed by the 
contents of external RAM location 


*- 


Replaced by 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


EXOR 


Exclusive-OR 




Complement 





E 
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8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTERS 

WITH UNIVERSAL PPI 



Description 

The fiPD8041AH and jiPD8741A are programmable pe- 
ripheral interface controllers intended for use in master/ 
slave configurations with 8048, 8080A, 8085A, 8086, and 
other 8- and 16-bit microprocessors. The /iPD8041AH/ 
8741A functions as a totally self-sufficient controller 
with its own program and data memory to effectively un- 
burden the master CPU from I/O handling and periph- 
eral control functions. 

The bus structure and data and status registers of the 
HPD8041AH /8741A allow easy interface to the master 
processor bus. This enables the processor to perform 
control tasks which offload main system processing 
and more efficiently distribute processing functions. 

The jiPD8041AH/8741A contains an 8-bit CPU, 1Kx8 
program memory, 64x8 data memory, 18 I/O lines, a 
counter/timer, and a clock generator. The program 
memory for the /^PD8041AH is factory mask- 
programmed, while program memory for the nPD8741A 
is UV EPROM for more flexibility. 

Features 



Pin Configuration 



□ 



□ 



□ 



Complete single chip microcomputer 

- 8-bit CPU 
-1KX8ROM 
-64x8 RAM 

- 8-bit timer/counter 
-18 I/O lines 

8048-, 8080A-, 8085A-, 8086-compatible bus 

structure 

Asynchronous slave-to-master interface 

- 8-bit status register 

- Two data registers 

Interrupt, DMA, or polled operation 

Expandable I/O 

Single +5 V power supply 



Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


M PD8041AHC 


40-pin plastic DIP 


11MHz 


/iPD8741AD 


40-pin cerdip with quartz 
window 


6 MHz 















TESTO C 


1 


40 


HVcc 


XTAL1 C 


2 




39 


3 TEST1 




XTAL2 C 


3 




38 


3 P27/DACK 




RESET C 


4 




37 


3 P2e/DRQ 




SS C 


5 




36 


3 P2 5 /IBF 




CS C 


6 




35 


3 P24/OBF 




EAC 


7 




34 


npiz 




RD C 


8 


< 


33 


3 P1 6 




Ao C 


9 


CO 


32 


3P1 5 




WR C 


10 


I 


31 


3 P1 4 




SYNC C 


11 


I 


30 


3 PI3 




Do C 


12 


29 


3 P1 2 




DiC 


13 




28 


3P1i 




D 2 C 


14 




27 


3 Plo 




D 3 C 


15 




26 


3V DD 




D4C 


16 




25 


3 PROG 




D5C 


17 




24 3 P2 3 




D 6 C 


18 




23 3 P2 2 




D7C 


19 




22 3 P2i 




VssC 


20 




21 3 P2o 


83-002894A 













Pin Identification 



No. 


Symbol 


Function 


1 


TO 


Testable input 


2 


XTAL1 


Crystal input 1 


3 


XTAL2 


Crystal input 2 


4 


RESET 


Reset input 


5 


SS 


Single step input 


6 


CS 


Chip select input 


7 


EA 


External access input 


8 


RD 


Read strobe input 


9 


Ao 


Address input 


10 


WR 


Write strobe output 


11 


SYNC 


SYNC output 


12-19 


D0-D7 


Bidirectional data bus 


20 


Vss 


Ground potential 


21-24, 35-38 


P2 -P2 7 


Quasi-bidirectional Port 2 


25 


PROG 


Program pulse output 


26 


Vdd 


Programming supply voltage 


27-34 


PI0-PI7 


Quasi-bidirectional Port 1 


39 


T1 


Testable input 1 


40 


Vcc 


Primary power supply 



E 
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Pin Functions 

XTAL1 (Crystal 1) 

XTAL1 is one side of the crystal or external oscillator or 
external frequency source. 

XTAL2 (Crystal 2) 

XTAL2 is the other side of the crystal or frequency 
source. 

TO (Test 0) 

TO is the testable input using conditional transfer func- 
tions JTO, and JNTO. TO can also be used during pro- 
gramming as a testable flag. 

T1(Test1) 

T1 is the testable input using conditional transfer func- 
tions JT1 and JNT1. T1 can be made the counter/timer 
input using the STRT CNT instruction. 



RESET (Reset) 



An a ctive low on RESET initializes the processor. RE- 
SET is also used for PROM programming, verification, 
and power-down. 

SS (Single Step) 

An active low on SS, together with the SYNC output, al- 
lows the processor to single step through each instruc- 
tion in program memory. 

EA (External Access) 

An active high on EA disables internal program memory 
and fetches and accesses external program memory. 

RD(Read) 

RD will pulse low when the processor reads data and 
status words from the data bus buffer or status register. 

WR (Write) 

WR wil I pu Ise low when the processor writes data or sta- 
tus words to the data bus buffer or status register. 



Do- D7 (Data Bus) 

D0-D7 is a three-state, bidirectional data bus. D0-D7 
interfaces the M PD8041 AH /8741A to the 8-bit master sys- 
tem's data bus. 

P1 -Pl7(Port1) 

PI0-PI7 is an 8-bit quasi-bidirectional port. 

P2o-P2 7 (Port2) 

P2rj-P27 is an 8-bit quasi-bidirectional port. P2rj-P23 
output the high-order four bits of the address during an 
external program memory fetch. P2o~P23 also function 
as a 4-bit I/O bus for the ^PD82C43 I/O port expander. 
P24-P27 can be used as port lines or interrupt requests 
(IBF a nd OBF) and DMA handshake signals (DRQ and 
DACK). 

PROG (Program Pulse) 

PROG is used in programming the ^PD8041AH/8741A. 
PROG is also used as an output pulse during a fetch 
when interfacing with the ^PD82C43 I/O port expander. 

Vcc (Primary Power Supply) 

Vcc is the primary power supply. Vcc must be +5 V dur- 
ing programming and operation of the^PD8041AH. 

Vdd (Programming Supply Voltage) 

Vqd is the programming supply voltage for program- 
ming the jhPD8741AH. It is +5 V for normal operation of 
the /iPD8041AH/8741A. Vqd is also the low power 
standby input for the ROM version. 

Vss (Ground) 

Vss is ground potential. 



4-294 



SEC 



M PD8041AH, M PD8741A 



Block Diagram 



rA^ 



Master 

System — 

WR 



A n/n dbbout A 
< D0-D7 > < 

\| \/ DBBIN \T 



O 
RD »-0 

CS »-o 

Ao 



Crystal 
LC.orH 
Clock 



PROG ■*- 
RESET — 



XTAL1 
XTAL2 

Vdd- 
VCC- 
VSS- 



Control 
Logic 





Timing 







-*■ +5 Supply 
-»- +5 Supply 





Temp Reg 



Decode 


Data Memory 


Reg Bank 1 


Stack 


Reg Bank 




Multiplexer 



P.PD8741A 

1Kx8EPROM 

HPD8041A/AH 

1K x 8 ROM 

Program 

Memory 



10-bit 
Program 
Counter 



Resident 

64x8 
RAM Array 



i/__ p °? 2 __\n/ 



Port 4-7 
Expander 
Interface 



Conditional 
Branch Logic 



8-bit Timer/ 
Event Counter 



-TESTO 
-TEST1 



_ Peripheral 
Interface 



E 



Absolute Maximum Ratings 

T A = 25°C 




Power supply voltage, Vcc 


-0.5Vto+7.0V 


Power supply voltage, Vrjo 


-0.5Vto+7.0V 


Input voltage, Vim 


-0.5Vto+7.0V 


Output voltage, Vq 


-0.5Vto+7.0V 


Operating temperature, Topt 


0°C to +70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 



Capacitance 

T A = 25°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input 
capacitance 


C| 






10 


PF 




Output 
capacitance 


C I0 






20 


pF 





Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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DC Characteristics 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%; 


; M PD8041AH: V DD = +5V±5%; nPD8741A: V ss = V 












Limits 






Unit 








M PD8741A 


p<PD8041AH 


Test 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Conditions 


Input voltage low 


V|L 


-0.5 


0.8 


-0.5 


0.8 


V 


All except X1,X2, and RESET 




V|L1 


-0.5 


0.6 


-0.5 


0.6 


V 


X1, X2, RESET 


Input voltage high 


V|H 


2.0 


Vcc 


2.0 


Vcc 


V 


Except X1.X2, and RESET 




V'lHI 


3.8 


Vcc 


3.8 


Vcc 


V 


X1.X2, RESET 


Output voltage low 


Vol 




0.45 




0.45 


V 


D -D 7 , SYNC, l L=2.0mA 




Vou 




0.45 




0.45 


V 


Except PROG, l O L=1-0mA 




V OL2 




0.45 




0.45 


V 


PROG, l L=1.0mA 


Output voltage high 


V H 


2.4 




2.4 




V 


D0-D7. l0H=-400,iA 




V OH1 


2.4 




2.4 




V 


All other outputs: 
l 0H =-50 M A 


Input current low 


lu 




0.5 




0.5 


mA 


PI0-PI7, P2 -P2 7 :V| L =0.8V 




Ilii 




0.2 




0.2 


mA 


SS, RESET; V| L = 0.8 V 


Input leakage current 


IlL 




±10 




±10 


^ 


TO, T1, RD, WR, CS, EA, A , 
V SS <V| N <Vcc 


Output leakage current 


lOL 




±10 




±10 


^ 


D -D 7 , High Z state, 
V SS +0.45V<V| N <Vcc 


Supply current (total) 


>DD 




15 




15 


mA 


V D D 




Idd +| cc 




135 




125 


mA 





AC Characteristics 

T A = 0°C to +70°C, V cc = V DD = +5 V ± 10% V SS = V 

DBB Read 





Symbol 






Limits 




Unit 






V 


PD8741A 


MPD8041AH 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


CS, A setup to RD 1 


{ AR 


300 









ns 




CS, A hold after RD t 


<RA 


30 









ns 




RD pulse width 


tRR 


300 




160 




ns 




CS, Aq, to data out delay 


'ad 




370 




130 


ns 


M PD8041A/8741A: C L = 150pF 
f*PD8041AH:C L = 100pF 


RD I to data out delay 


l RD 




200 




130 


ns 


M PD8041A/8741A:C L = 150pF 
M PD8041AH: C L = 100pF 


RD t to data float delay 


tDF 




140 




85 






Cycle time 


' trjY 


2.5 


15 


1.36 


15 


ns 
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AC Characteristics (cont) 

T A = 0°Cto +70°C,V cc = V D d= +5V±10% V ss = 0V 

DBB Write 



AC Timing Test Points 



X 





Symbol 






Limits 






Unit 






HPD8741J 


I 




M PD8041AH 


Test 


Parameter 


Min 


Max 




Min 


Max 


Conditions 


CS, A setup to WR I 


'aw 














ns 




CS,A hold after WRt 


'WA 














ns 




WR pulse width 


'WW 


250 






160 




ns 


HPD8041A/8741A: 
t C Y=2.5^s 


Data setup to WRt 


'ow 


150 






130 




ns 




Data hold after WR t 


'WD 














ns 




Port 2 




Symbol 






Limits 






Unit 






MPD8741/ 






M PD8041AH 


Test 


Parameter 


Min 


Max 




Min 


Max 


Conditions 


Port control setup to 
PROG 1 


'cp 


110 






100 




ns 


f*PD8041AH:C L = 80pF 


Port control hold after PROG I 


'PC 


100 






60 




ns 


fxPD8041AH: C L = 20pF 


Input data setup to 
PROG I 


'PR 




810 






650 


ns 


M PD8041AH: C L = 80pF 


Input data hold time 


'PF 





150 







150 


ns 


nPD8041AH:C L =20pF 


Output data setup time 


'dp 


250 






200 




ns 


' M PD8041AH:C L = 80pF 


Output data hold time 


'PD 


65 






65 




ns 


M PD8041AH:C L = 20pF 


PROG pulse width 


'PP 


1200 






700 




ns 




DMA 




Symbol 






Limits 






Unit 






M PD87414 






M PD8041AH 


Test 


Parameter 


Min 


Max 




Min 


Max 


Conditions 


DACK setup time to 
RD.WR 


'acc 














ns 




DACK hold time after 
RD.WR 


'CAC 














ns 




Data output delay after DACK 


'acd 




225 






130 


ns 


M PD8041A/8741A:C L =150pF 


DRQ clear delay time 
after RD, WR 


'CRQ 




200 






130 


ns 


M PD8041AH:C L = 100pF 



2.0 V 
0.8 V 



2.0 vV" 

a8vA_ 



E 
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Timing Waveforms 

Read Operation (DBBOUT Register) 



-DC 



Data Bus 
(Output) ' 






•t RA * 



< 



-tAD- 



X 



(System's 
Address Bus) 



IDF— 



PORT 2 



Expander 
Port 



r^—j- 



Output ) (p2o-P23Dala) j \ Control ) j \ Output Data £ 



Expander 
Port 



Input Y P2Q-P23 Data V 



tcp- 



Port 
Control 



\ 



A .X 



Input' 
Data 



■ tpo 



K 



POR7(E>i = 7.) 



PI0-PI7 Port 

P2o-P2i Data 



X 




Write Operation (DBBIN Register) 



-DC 



X 



^^_^ 



Data Bus Data 

(Input) May Change 



(System's 
Address Bus) 



V ■« — Data Valid — ► / 



(Write Control) 



Data 
May Change 



DMA 






fcX 



v 



*-tACC 



W 



^T 



x=xz 
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Functional Description 

Two data bus buffers, an 8-bit status register, the RD and 
WR inputs, and expandable I/O lines enhance the 
/^PD8041AH/8741A. These features enable easier 
master/slave interface and increased functionality. 

Data Bus Buffers 

Figure 1 shows how the input and output data bus 
buffers enable a smooth data flow to and from the mas- 
ter processors. 

Figure 1. Data Bus Buffers 



D0-D7 



Input 
Data Bus 
Buffer (8) 



r 




I 


Output 
Data Bus 
Buffer (8) 







Internal 
Data Bus 



<=^> 



Status Register 

The 8-bit status register includes four user-definable 
bits, ST4-ST7. Use the MOV STS, A instruction (90H) to 
define bits ST4-ST7 by moving accumulator bits 4-7 to 
bits 4-7 of the status register. Bits ST0-ST3 are not 
affected. 

Figure 2 shows the format of the status register. 
Figure 2. Status Register Format 



D7 


De 


D 5 


D 4 


D3 


D 2 


D1 


Do 



ST 7 ST 6 

RDandWR 



ST 5 ST 4 



FO 



IBF 



OBF 



The RD and WR inputs are edge-sensitive. Figure 3 
shows that status bits IBF, OBF, F1, and FO are affected 
on the trailing edge at RD or WR. 

Figure 3. RDand WR Inputs 



Port 24- Port 27 

P24 and P25 can be used as either port lines or buffer 
status flag lines. This allows you to make OBF and IBF 
status available externally to interrupt the master proc- 
essor. Upon execution of the EN FLAGS instruction 
(F5H), P24 becomes the OBF pin. When a 1 is written to 
P24, the OBF pin is enabled and the status of OBF is 
output. An to P24 disables the OBF pin AND the pin re- 
mains low. This pin indicates valid data is available from 
the M PD8041AH/8741A. 

An EN FLAGS instruction execution also enables P25 to 
indicate that the nPD8041AH/8741A is ready to accept 
data. A-| written to P25 enables the IBF pin and the sta- 
tus of IBF is available on P25. An written to P25 disables 
the IBF pin. If OBF is not true, the data at the data bus is 
invalid. 

P26 and P27 can be used as either port lines or DMA 
handshake lines to allow DMA interface. The EN DMA 
instruction (E5H) enables P2§_and P27 to be used as 
DRQ (DMA request) and DACK (DMA acknowledge), 
respectively. 

When a 1 is written to P26, DRQ is activated and a DMA 
request is issued. The EN DMA instruction deact ivates 
DRQ._You can also deactivate DRQ by adding DACK 
with RD or WR. Ex ecution of the EN DMA instruction en- 
ables P27 (DACK) to function as a chip select input for 
the data bus buffer registers during DMA transfers. 



E 



V 



Flags Affected 



y 



4-299 



instruction Set 





Operand 


Operation 






Operation Code 






Cycles 


Bytes 




Flags 


Mnemonic 


l>7 


»6 


Ds 


»4 


D 3 


D 2 


»i 


">o 


C AC 


FO F1 IBF OBF ST4-ST7 


Accumulator 


ADD 


A, # data 


(A) — (A) + data 



d 7 



d 6 



d 5 




d 4 



d 3 




d 2 


1 
di 


do 


2 


2 


• 




ADD 


A, Rr 


(A) — (A)+(Rr) 
r = 0-7 





1 


1 





1 


r 


r 




1 


1 


• 




ADD 


A, @Rr 


(A) — (A)+((Rr)) 
r = 0-1 





1 


1 
















1 


1 


• 




ADDC 


A, # data 


(A) «- (A) + (C) + data 



d 7 



d 6 



d 5 


d 4 



d 3 




d 2 


1 
di 


do 


2 


2 


• 




ADDC 


A, Rr 


(A) — (A)+(C)+(Rr) 
r = 0-7 





1 


1 




1 


r 


r 




1 


1 


• 




ADDC 


A, @Rr 


(A) — (A)+(C)+((Rr)) 
r = 0-1 





1 


1 















1 


1 


• 




ANL 


A, # data 


(A) — (A) AND data 



d 7 


1 
d 6 



d 5 


d 4 



d 3 




d 2 


1 
di 


do 


2 


2 






ANL 


A, Rr 


(A) — (A) AND (Rr) 
r = 0-7 





1 







1 


r 


r 




1 


1 






ANL 


A, @Rr 


(A) — (A)AND((Rr)) 
r = 0-1 





1 


















1 


1 






CPL 


A 


(A) *- NOT (A) 








1 







1 


1 




1 


1 






CLR 


A 


(A) — 








1 








1 


1 




1 


1 






DA 


A 







1 










1 


1 




1 


1 


• 




DEC 


A 


(A) — (A)-1 

















1 


1 




1 


1 






INC 


A 


(A) — (A)+1 
















1 


1 




1 


1 






ORL 


A, # data 


(A) «- (A) OR data 



d 7 


1 
de 



d 5 




d 4 



d 3 



d 2 


1 
di 


do 


2 


2 






ORL 


A, Rr 


(A) — (A)OR(Rr) 
r = 0-7 





1 








1 


r 


r 




1 


1 






ORL 


A, @Rr 


(A) — (A)OR((Rr)) 
r = 0-1 





1 



















1 


1 






RL 


A 


(AN + 1) — (AN); N = 0-6 
(Ao)*"(A 7 ) 


1 


1 


1 








1 


1 




1 


1 







■5= 

o 

00 

o 



o 

00 

2 



8 



Instruction Set (cont) 





Operand 


Operation 








( 


)peration Code 








Cycles 


Bytes 






Flags 


Mnemonic 


D 7 


»6 


D 5 


D 4 


°3 


D 2 


Di 


Do 


C 


AC FO 


F1 IBF OBF ST 4 -ST 7 


Accumulator (cont) 


RLC 


A 


(AN+1)«-(AN);N = 
(An) — (C) 
(C) — (A 7 ) 


0-6 


1 




1 


1 





1 


1 








• 






RR 


A 


(AN)^(AN +1);N = 
(A 7 J~- (An) 


= 0-6 







1 


1 





1 


1 














RRC 


A 


(AN)^(AN +1);N = 
(A 7 ) — (C) 
(C) — (Ao) 


= 0-6 







1 








1 


1 








• 






SWAP 


A 


(A4-A 7 )**(Ao-A 3 ) 


















1 


1 














XRL 


A, # data 


(A) — (A) XOR data 




1 

d 7 


d 6 



d 5 


1 
d 4 




<*3 



d 2 


1 
di 


do 


2 


2 








XRL 


A, Rr 


(A) — (A) XOR (Rr) 
r = 0-7 




1 







1 


1 


r 


r 














XRL 


A, @Rr 


(A) — (A)XOR((Rr» 
r = 0-1 




1 







1 
























8 



D 
00 

o 
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00 
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Instruction Set (cont) 





Operand 


Operation 






Operation Code 






Cycles 




Flags 




Mnemonic 


»7 


»6 


">5 


»4 


«>3 


«>2 


«>1 


">0 


Bytes C AC FO F1 IBF OBF 


ST4-ST7 


Branch 


DJNZ 


Rr, addr 


(Rr) — (Rr)-1;r = 0-7 
lf(Rr)#0; 
(PC0-PC7) — addr 


1 

37 


1 
36 


1 
35 



34 


1 
33 


r 

32 


r 

31 


r 

30 


2 


2 






JB b 


addr 


(PC0-PC7) *- addr if B b = 1 

(PC) — (PC) + 2 if B b = 


b 2 
37 


bi 

36 


bo 

35 


1 
34 



33 




32 


1 

31 




30 


2 


2 






JC 


addr 


(PC -PC 7 ) — addrifC = 1 
(PC) — (PC) + 2 if C = 


1 
37 


1 
36 


1 
35 


1 
34 



33 


1 

32 


1 

31 



30 


2 


2 






JFO 


addr 


(PC0-PC7) — addr if FO = 1 
(PC) — (PC) + 2 if FO = 


1 
37 



36 


1 
35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 






JF1 


addr 


(PC0-PC7) — addr if F1 = 1 

(PC) — (PC) + 2 if F1 = 



37 


1 
36 


1 
35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 






JMP 


addr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PCn) — DBF 


310 
37 


39 
36 


38 
35 




34 



33 


1 
32 




31 



30 


2 


2 






JMPP 


@A 


(PC -PC 7 )-((A)) 


1 





1 


1 








1 


1 


2 


1 






JNC 


addr 


(PC -PC 7 ) ^- addr if C = 

(PC) — (PC)+2ifC = 1 


1 
37 


1 
36 


1 
35 




34 



33 


1 
32 


1 
31 



30 


2 


2 






JNIBF 


addr 


(PC0-PC7) *- addr if IBF = 

(PC) — (PC) + 2 if IBF = 1 


1 
37 


1 
36 



35 


1 
34 



33 


1 
32 


1 
31 




30 


2 


2 






JOBF 




(PC0-PC7) *- addr if OBF = 1 

(PC) — (PC) + 2 if OBF = 


T 
37 



36 



35 



34 



33 


1 
32 


1 
31 



30 


2 


2 






JNTO 


addr 


(PC0-PC7) — addr if TO = 
(PC) — (PC) +2 If TO = 1 



37 



36 


1 
35 



34 



33 


1 
32 


1 
31 



30 


2 


2 






JNT1 


addr 


(PC -PC 7 ) *- addr if T1 = 
(PC) — (PC) + 2 if T1 = 1 



37 


1 
36 



35 



34 



33 


1 
32 


1 
31 



30 


2 


2 






JNZ 


addr 


(PC0-PC7) — addr if A = 
(PC) — (PC) + 2 if A = 1 


1 
37 



36 



35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 






JTF 


addr 


(PC0-PC7) — addr if TF = 1 
(PC) — (PC) + 2 if TF = 



37 



36 



35 


1 
34 



33 


1 
32 


1 

31 



30 


2 


2 






JTO 


addr 


(PC0-PC7) — addr if TO = 1 

(PC) — (PC) + 2 if TO = 



37 



36 


1 
35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 






JT1 


addr 


(PC0-PC7) — addr if T1 = 1 
(PC) — (PC) + 2 if T1 = 



37 


1 
36 



35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 






JZ 


addr 


(PC -PC 7 ) — addr if A = 
(PC) — (PC) + 2 if A = 1 


1 
37 


1 . 
36 



35 



34 



33 


1 
32 


1 
31 



30 


2 


2 







o 

00 

o 



o 

00 
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Instruction Set (cont) 





Operand 


Operation 






Operation Code 








Flags 


Mnemonic 


D 7 


De 


Ds 


D 4 


»3 


D 2 


">1 


»0 


Cycles Bytes C AC FO F1 IBF OBF ST4-ST7 


Control 


ENI 


Enable the external 
interrupt input 



















1 







1 1 




DISI 


Disable the external 
interrupt input 













1 





1 







1 1 




SELRBO 


(BS) *- 




1 


1 











1 







1 1 




SELRB 


(BS) — 1 




1 


1 





1 





1 







1 1 




EN DMA 


Enable DMA handshake 




1 


1 




1 





1 







1 1 




EN FLAGS 


Enable interrupt to master 
device 


1 


1 










1 







1 1 




Data Moves 


MOV 


A, # data 


(A) — data 



d 7 



d 6 


d5 




d 4 




d 3 




d 2 


1 

di 


do 


2 2 




MOV 


A, Rr 


(A) — (Rr); r = 0-7 




1 




1 


1 


r 


r 




1 1 




MOV 


A, @Rr 


(A) — ((Rr)); r = 0-1 




1 




1 













1 1 




MOV 


A, PSW 


(A) — (PSW) 




1 










1 


1 




1 1 




MOV 


Rr, # data 


(Rr) — data; r = 0-7 


dz 



d 6 


d 5 


1 

d 4 


1 
d 3 


r 
d 2 


r 
di 


do 


2 2 




MOV 


Rr,A 


(Rr) — (A); r = 0-7 












1 


r 


r 




1 1 




MOV 


@Rr, A 


((Rr)) — (A); r = 0-1 























1 1 




MOV 


@ Rr, # data 


((Rr))*- data; r = 0-1 


d 7 




d 6 


d 5 


1 

d 4 



d 3 



d 2 




di 


do 


2 2 




MOV 


PSW, A 


(PSW) — (A) 




1 




1 





1 


1 




1 1 




MOVP 


A, @A 


(PC -PC 7 )*-(A) 
(A) — ((PC)) 


















1 




2 1 




MOVP3 


A, @A 


(PC -PC 7 )*-(A) 
(PC 8 -PC 10 )*-011 
(A)*- ((PC)) 


1 


1 













1 




2 1 




XCH 


A, Rr 


(A) ** (Rr); r = 0-7 













1 


r 


r 




1 1 




XCH 


A, @ Rr 


(A)*~((Rr));r = 0-1 
























1 1 




XCHD 


A, @ Rr 


(Ao-A 3 )**((Rr))o-((Rr)) 3 ; 
r = 0-1 










1 













1 1 





8 
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t Instruction Set (cont) 

CO * 

o 





Operand 


Operation 








Operation Code 






Cycles 




Flags 


Mnemonic 


D7 


»6 


D 5 


«>4 


D 3 


«>2 


01 


DO 


Bytes C AC FO F1 IBF OBF ST4-ST7 


Flags 


CPLC 




(C) — NOT (C) 







1 










1 






1 • 




CPLFO 




(FO) — NOT(FO) 










1 














1 


• 


CPLF1 




(F1) — NQT(FI) 







1 


1 














1 


• 


CLRC 




(C)*~ 










1 







1 






1 • 




CLRFO 




(FO)-O 

























1 


• 


CLRF1 




(F1) — 







1 

















1 


• 


MOV STS, A 




ST4-ST7 — A4-A7 










1 


d 













1 




Input /Output 


ANL 


Pp,#data 


(PP) *~ (PP) AND data 
p = 1-2 


d 7 



d 6 



d 5 


1 

d 4 


d 3 




d 2 


p 
di 


p 
do 


2 


2 




ANLD 


Pp,A 


(Pp)~-(Pp)AND(Ao-A 3 ); 
p = 4-7 










1 




1 


p 


P 


2 


1 




IN 


A, Pp 


(A) — (Pp); p = 1-2 



















p 


P 


2 


1 




IN 


A, DBB 


(A) — (DBB) 








1 











1 





1 


1 


• 


MOVD 


A, Pp 


(A -A 3 ) — (Pp);p = 4-7 
(A 4 -A 7 ) — 
















1 


p 


P 


2 


1 




MOVD 


Pp,A 


(Pp)*-(A -A 3 );p = 4-7 








1 


1 




1 


p 


P 


1 


1 




ORLD 


Pp. A 


(Pp)*-(Pp)0R(A -A 3 ); 
p = 4-7 


1 













1 


p 


P 


1 


1 




ORL 


Pp,#data 


(Pp) — (Pp) OR data 
P = 1-2 


1 

d 7 



d 6 



d 5 




d 4 


d 3 




d 2 


p 

di 


P 
do 


2 


2 




OUT 


DBB, A 


(DBB) -(A) 




















1 





1 


1 




OUTL 


Pp,A 


(Pp) — (A); p = 1-2 








1 


1 







P 


P 


1 


1 




Registers 


DEC 


Rr(Rr) 


(Rr) — (Rr) - 1; r = 0-7 


1 


1 










r 


r 


r 


1 


1 




INC 


Rr 


(Rr) *- (Rr) + 1; r = 0-7 











1 




r 


r 


r 


1 


1 




INC 


@Rr 


((Rr))*-((Rr)) +1; 
r = 0-1 











1 











r 


1 


1 





■a 
o 

CO 

o 
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> 

X 
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CO 
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Instruction Set (cont) 





Operand 


Operation 






Operation Code 






Cycles 


Bytes 








Flags 


Mnemonic 


D? 


D 6 


D 5 D4 D 3 D 2 


Dl 


D 


C 


AC 


FO 


F1 IBF OBF ST4-ST7 


Subroutine 



CALL 



addr 



((SP)) — (PC), 
(PSW4-PSW7), 
(SP) *- (SP) + 1 
(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PCfl)*- DBF 



a 10 a g a 8 1 
a 7 a 6 a 5 a 4 



1 
a 3 a 2 



Note: 

(1) Operation code designations r and p form the binary representation of the registers and ports involved. 

(2) The dot under the appropriate flag bit indicates that its contents is subject to change by the instruction it appears in. 

(3) References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

(4) Numerical subscripts appearing in the operation column reference the specific bits affected. 



8 



RET 




(SP) 
(PC) 


-(SP) = 1 
-((SP)) 




1 

















1 


1 


2 1 


RETR 




(SP) — (SP) = 1 
(PC) — ((SP)) 
(PSW4-PSW7) — 


-((SP)) 


1 








1 








1 


1 


2 1 


Timer /Counter 


EN TCNTI 


Enable internal interrupt 
flag for timer /counter 
output. 














1 








1 





1 


1 1 


DISTCNTI 


Disable internal interrupt 
flag for timer /counter 
output. 














1 


1 





1 





1 


1 1 


MOVA.T 


(A)-(T) 











1 














1 





1 1 


MOVT.A 


(T)-(A) 











1 


1 











1 





1 1 


STOPTCNT 


Stop count for event 
counter. 











1 


1 








1 





1 


1 1 


STRTCNT 


Start count for event 
counter. 











1 











1 





1 


1 1 


STRTT 


Start count for timer. 











1 





1 





1 





1 


1 1 


Miscellaneous 


NOP 




No operation performed. 


























1 1 



■o 
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CO 
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Instruction Set (cont) 

Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (12 bits) 


B b 


Bit designator (b= 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


D 


Nibble designator (4 bits) 


data 


Number of expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


I Interrupt 


P 


In-page operation designator 


IBF 


Input buffer full flag 


Pp 


Port designator ( p = 1 , 2 or 4-7) 


PSW 


Program status word 



Symbol 


Description 


Rr 


Register designator (r=0, 1 or 0-7) 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


T0.T1 


Testable inputs 0, 1 


X 


External RAM 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


$ 


Current value of program counter 


(x) 


Contents of external RAM location 


((x)) 


Contents of memory location addressed by the 
contents of external RAM location 


— 


Replaced by 


OBF 


Output buffer full flag 


DBB 


Data bus buffer 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


XOR 


Exclusive-OR 
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8-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTER 

WITH UNIVERSAL PPI 



Description 

The /iPD80C42 is a CMOS programmable peripheral in- 
terface controller which contains its own 8-bit micro- 
computer. It is well suited for use in master/slave 
configurations or as an intelligent peripheral device in 
applications requiring very low power consumption. 
The /iPD80C42 has a CPU, 2K bytes of RAM, and 8-bit 
timer/counter, and I/O ports. I/O capability can be ex- 
panded by adding a juPD82C43, which interfaces di- 
rectly to the ^PD80C42. The external bus structure and 
associated control signals allow easy interfacing to 
8048, 8085, and other microprocessor systems. The two 
standby modes allow even further reduction of power 
consumption in energy conscious systems. 



With the exception of the STOP pin, the^PD80C42 is pin- 
for-pin compatible with the ^PD8041A and the 
^PD8741A. 

Features 

□ CMOS technology 

□ Low power consumption 

□ 8048-, 8085A-, and 8086-bus compatible 

□ 8-bit CPU with 2K x 8 ROM and 128 x 8 RAM 

□ 8-bit timer/counter 

□ 18 I/O lines 

□ 8-bit status register 

□ Two data registers for asynchronous slave-to- 
master interface 

□ Interrupt, DMA, or polled operation 

□ Expandable I/O 

□ Two power down modes 

□ 8041A-, 8741A-pin compatible 

□ On-chip clock generator 

□ Single +5 V power supply 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


A(PD80C42C 40-pin plastic DIP 


8 MHz 


//PD80C42G-22 44-pin plastic miniflat 


8 MHz 



Pin Configurations 

40-Pin Plastic DIP 















TESTO C 


1 


W 


40 3 Vdd 


XTAL1 C 


2 




39 H TEST1 




XTAL2 C 


3 




38 


H P2/DACK 




RESET C 


4 




37 


2 P26/DRQ 




SS C 


5 




36 


J P25/IBF 




CS L 


6 




35 


3 P2 4 /OBF 




EAC 






34 


DP17 




RD C 


8 




33 


DP16 




A C 


9 


CM 


32 


DP15 




WR C 


10 


O 


31 


DP14 




SYNC C 


11 


o 


30 


DP13 




D C 


12 


zL 


29 


DP12 




D, C 


13 




28 


HP11 




D 2 C 


14 




27 


DP1o 




D 3 C 


15 




26 


USTOP 




D 4 C 


16 




25 


3 PROG 




DsC 


17 




24 


3P2 3 




Dell 


18 




23 


IJP22 




D 7 C 


19 




22 


3P2i 




Vss C 


20 




21 


DP2 


49-001 144A 













44-Pin Plastic Miniflat 



stop nr 
pi crn 
pii err 
pi 2 nr 
pianx 
pi 4 nx 
piscnE 

NC cu 
pi 6 rxn 

PI7CH 

P2 4 /OBF ccr 



ZQ.Q.Q.Q.CL>QQQQ 




44 43 42 41 40 39 38 37 36 35 34 



12 13 14 15 16 17 18 19 20 21 22 



-I^IIIIIIIIMIIII 



JJ2D 3 

3JDD 2 

xn°i 
in Do 

UDSYNC 
XP WR 
ZTJ A 
HDrd 

IDEA 

ZTJcs 

inss 



§ ? 5 ™ 
8! a s 



i H s u ' w i- r~ 
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Pin Identification 



Plastic DIP 



Plastic Miniflat 



No. 


Symbol 


Function 


1 


TESTO 


Test input 


2,3 


XTAL1, XTAL2 


Crystal input 


4 


RESET 


Reset input 


5 


SS 


Single-step input 


6 


CS 


Chip select input 


7 


EA 


External access input 


8 


RD 


Read input 


9 


Ao 


Address input 


10 


WR 


Write input 


11 


SYNC 


Synchronize output 


12-19 


D -D 7 


Bidirectional port 


20 


Vss 


Ground 


21-24 


P2 -P2 3 


Quasi-bidirectional port 2 


35-38 


P2 4 /0BF, 
P2 5 /IBF, 
P2 6 /DRQ, 
P2 7 /DACK 


Output buffer full, input buffer full, DMA 
request, DMA acknowledge 


25 


PROG 


PROG output strobe 


26 


STOP 


STOP input 


27-34 


PI0-PI7 


Quasi-bidirectional port 1 


39 


TEST1 


Test 1 input 


40 


V D D 


Positive power supply 


- 


NC 


No connection 



No. 


Symbol 


Function 


18 


TESTO 


Test input 


19,20 


XTAL1, XTAL2 


Crystal input 


22 


RESET 


Reset input 


23 


SS 


Single-step input 


24 


CS 


Chip select input 


25 


EA 


External access input 


26 


RD 


Read input 


27 


Ao 


Address input 


28 


WR 


Write input 


29 


SYNC 


Synchronize output 


30-37 


D0-D7 


Bidirectional port 


38 


Vss 


Ground 


39-42 


P2 -P2 3 


Quasi-bidirectional port 2 


11, 13-15 


P2 4 /OBF, 
P2 5 /IBF, 
P2 6 /DRQ, 
P2 7 /DACK 


Output buffer full, input buffer full, DMA 
request, DMA acknowledge 


43 


PROG 


PROG output strobe 


1 


STOP 


STOP input 


2-7, 9-10 


P10-P17 


Quasi-bidirectional port 1 


16 


TEST1 


Test 1 input 


17 


V D D 


Positive power supply 


8,12,21,44 


NIC 


No connection 



Pin Functions 

XTAL1,XTAL2 (Crystal) 

XTAL1 and XTAL2 are the inputs for the crystal oscillator 
for the LC circuit generating internal clock signals. Use 
XTAL1 as the external clock input. 

TESTO (Test O) 

TESTO is a testable input using conditional jump in- 
structions JTO and JNTO. TESTO also resets the HALT 
mode. 

TEST1(Test1) 

TEST1 is a testable input using conditional jump in- 
structions JTO and JNTO. TEST1 is also an input to the 
event counter. 



RESET (Reset) 



RESET inputs a system reset, resets the HALT mode, 
and controls the STOP mode. 



SS (Single-Step) 

SS is an input used with SYNC to step the program 
through each instruction. 

CS (Chip Select) 

CS inputs the chip select signal. An active low enables 
the data bus. 

EA (External Access) 

EA is an input that inhibits internal program memory 
fetches. Use EA to check the ROM contents when de- 
bugging programs. 

WR (Write) 

WR is an input used by the master CPU to write data and 
commands into the data bus buffer in (DBBIN) register. 

RD(Read) 

RD is the input used by the master CPU to read data or 
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status words from the data bus buffer out (DBBOUT) or 
status registers. 

Ao (Address 0) 

Arj is an address input that the master CPU uses to de- 
termine the bus operation as follows: 



Cycle 


Ao 


Operation 


Read 





Data 




1 


Status 


Write 





Data 




1 


Command 



SYNC (Synchronization) 

SYNC is an output that occurs once per instruction cy- 
cle. SYNC is used as a strobe for external circuitry or to 
synchronize the single-step operation. 

PROG (PROG output) 

When using the I/O expansion port (^PD82C43), PROG 
outputs a strobe that outputs data/addresses P20-P23. 



STOP (Stop) 

The STOP input controls the hardware STOP mode. 

Block Diagram 



D -D 7 (Port) 

D0-D7 is a bidirectional port that transfers data be- 
tween the data bus buffer (DBBOUT, DBBIN) registers 
and the 8-bit master CPU data bus. 

P1 -Pl7(Port1) 

PI0-PI7 is a quasi-bidirectional, 8-bit port. 

P2o-P27(Port2) 

P2o-P27 is a quasi-bidirectional, programmable 8-bit 

port. P24-P27 (high-order bits) are alternative pins for 

the following interrupt request and DMA handshaking 

functions: 

P2 4 = OBF (Output buffer full) 

P2 5 =IBF (Input buffer full) 

P26 = PRO (D MA req uest) 

P27 = DACK (DMA acknowledge) 

Vdd (Power Supply) 

Vqd is the positive power supply ( +2.5 V to +6.0 V) 

Vss (Ground) 

Vss is the ground potential. 



E 



Master 
System - 
Interface 



«u 




c 



;> 



DBB 
Status 
Register 



-*-0 



EA- 



SYNC-*- 

SS 

PROG ■*- 
RESET 



-Kl 



r*-o 



Crystal 
I.C. or. 
Clock 



Control 
Logic 



12E 



<Sr 



Status 
Flags 



Accumulator 



IC 



=> 



Temp Reg 



IC 



y 



c 



Instruction 
Decoder 



Timing 



-*-C 



Standby 
Control 



Z> 



3 


Data Memory 


96x8 


Reg Bank 1 


8x8 


Stack 


16x8 


Reg Bank 


8x8 



Multiplexer I 



c 
c 



ZT 



Vdd- 
v S s- 



-^+2.5V~ +6.0V 



'C 



) Pro. 
—y Cou 



Program 
Counter 



JZ 



r> 



2KX8ROM 
Program 
Memory 



I/O 
Port 2 

Port 4-7 
Expander 
Interface 



o- 
o- 



C=^{ 



Timer/ 
Event Counter 



Conditional Branch 
Logic 

I I I I I I 

ACC ACC F0 F1 Timer IBF OBF 
Bit Flag 

Test 
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Absolute Maximum Ratings 



T A ==25°C 




Power supply voltage, Vrjo 


-0.3Vto+7V 


Input voltage, V| 


-0.3VtoV DD +0.3V 


Output voltage, Vo 


-0.3VtoV DD +0.3V 


Operating temperature, Tqpj 


-40°Cto.+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

Standard Voltage Range 

T A = -40°Cto +85°C,V DD = +5V±10%,V SS = 0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


iyp 


Max 


Conditions 


Input voltage 
low 


VlL 


-0.3 




+0.8 


V 





Input voltage Vm 
high 



2.2 



Vdd 



Except RESET, 
XTAL1, XTAL2 



V|H1 V DD -1 



Vdd 



RESET, XTAL1, 
XTAL2 



Output voltage Vql 
low 



+0.45 V l OL = 2.0mA 



Output voltage V h 2.4 
high 



D -D 7 ,SYNC, 

PROG; 

Iqh--400hA 



V hi 2.4 



Port 1, port 2; 
r H=-50/iA 



VfjH2 V dd -0.5 



All outputs; 
l 0H =-0.2 M A 



Input current l||_p 



-500 mA 



Portl, port 2; Vj* 
Vil 



MLC 



-40 M 



SS, RESET; 
V|<V| L 



Input leakage Ilh 
current 



:1 mA 



TO, T1, STOP, CS, 
A , RD, WR; V ss < 
V|«V DD 





'LI2 




±3 


M A 


EA;V SS <V|<V DD 


Output leakage 
current 


Ilo 




±1 


MA 


v ss <v <v DD 
High impedance, 
D0-D7, port 


Standby current 


>DD1 


1.5. 


3.0 


mA 


HALT mode; 
t CY =1.25 M s 




>DD2 


2 


20 


nk 


STOP mode (1) 


Supply current 


■dd 


10 


20, 


mA 


t CY =1.25/is 


Data retention 
voltage 


V DDDR 2 -° 






V 


STOP mode (STOP, 
RESET<0.4V)or 
RESET 
(RESET<0.4V) 



Note: (1) The input voltage pin is V|<V|i_ or V|>V| H . 



Extended Voltage Range 

T A = -40°Cto +85°C,V DD = +2.5 V to +6.0V,V SS 



= 0V 



Limits 



Test 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input voltage 
low 


V|L 


-0.3 




+0.6 


V 


2.5V<V DD < 
4.5V 




-0.3 




+0.8 


V 


4.5V<V DD < 
6.0 V 


Input voltage 
high 


V|H 


0.7V DD 




Vdd 


V 


Except RESET, 
XTAL1, XTAL2 




V|H1 


0.8V DD 




Vdd 


V 


RESET, XTAL1, 



XTAL2 



Output voltage Vql 
low 



+0.45 V l OL = 1.0mA 



Output voltage Voh 0.75 Vdd 
high 



D -D 7 , SYNC, 

PROG; 

l H=-100 H A 



Vom 0.7V DD 



Portl, port 2; 
Iqh=-10'mA 



Input current ln_p 



-500 iA 



Portl, port 2; V|< 
Vil 



MLC 



-40 hA 



SS, RESET; V|< 
Vil 



Input leakage l|_n 
current 



:1 ^A TO, T1, STOP, CS, 
A , RD, WR; V ss * 
V|<V DD 



±5 M A EA;V ss <V|<V D d 



Output leakage Ilo 
current 



±1 ^A 



V ss <V <V D d 
High impedance, 
D0-D7, port 



Standby current Iddi 



300 600 ^A 



HALT mode; 
V DD =3V; 

t CY = 5fiS 





2.0 


4.0 


mA 


V DD =6V 
tcY=1.25j*s 


!dD2 


1 


20 


hA 


STOP mode (1) ; 
V DD =3V 




2 


50 


mA 


V D d=6V 


Supply current Iqd 


2.0 


5.5 


mA 


V DD =3V; 
t CY = 5^S 



16 30 mA 



V DD =6V; 
t CY = 1.25 H s 



Data retention 


Vdddr 


2.0 


V STOP mode (STOP, 


voltage 






RESET«0.4V)or 

RESET 

(RESET<0.4V) 



Note: 

(1) The input voltage pin is V|<V||_orV|>Vn-|. 
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AC Characteristics 

Standard Voltage Range— DBB Read 

T A = -0°Cto +70°C,V DD = +5V±10%,V SS = 0V 



Extended Voltage Range — DBB Write 

T A = - 0°C to +70°C, V DD = +2.5 Vto 6.0 V, V ss = V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


CS, Ag setup to 
RDlow 


l AR 









ns 




CS, A hold 
from RD high 


{ RA 









ns 




RD pulse width 


tRR 


200 






ns 




CS, A to data 
output delay 


l AD 






150 


ns 


C L = 100pF 


RD low to data 
output delay 


'RD 






140 


ns 


C L = 100pF 


RD high to data 
float delay 


tDF 







85 


ns 




Cycle time 


tCY 


1.25 




15 


MS 




Standard Voltage Range— DBB Write 

T A = -0°Cto +70°C,V DD = +5V±10%,V SS = 0V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


CS, Aq setup to 
WRIow 


l AW 









ns 




CS, A hold 
from WR high 


l WA 









ns 




WR pulse width 


tww 


200 






ns 




data setup to 
WRhigh 


tDW 


130 






ns 




Data hold from 
WR high 


{ WD 









ns 




Extended Voltage Range— DBB Read 

T A = -0°Cto +70°C,V DD = +2.5 Vto +6.0V,V S s = 


:0V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


CS, Aq setup to 
RDlow 


'ar 


300 






ns 




CS, Arjhold 
from RD high 


l RA 


200 






ns 




RD pulse width 


l RR 


2000 






ns 




RD low to data 
output delay 


*RD 






1500 


ns 


C L = 100pF 


RD high to data 
float delay 


tDF 







400 


ns 




Cycle time 


tCY 


5 




15 


MS 









Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


CS, Aq setup to t/\w 
WRIow 


300 






ns 




CS, Agjiold t WA 
from WR high 


200 






ns 




WR pulse width tww 


2000 






ns 




aata setup to t 
WRhigh tDW 


1500 






ns 




Data hold from two 
WRhigh 


200 






ns 




Standard Voltage Range — Port 2 

V DD =+5V±10% 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Port control tcp 
setup to PROG 
low 


100 






ns 


C L = 80pF 


Input port tpd 
control hold from 
PROG low 







80 


ns 


C L = 20pF 


Output port tpc2 
control hold from 
PROG low 


135 






ns 


C L = 20pF 


Input data setup tpp, 
to PROG low 






650 


ns 


C L = 80pF 


Input data hold tpp 
from PROG high 







150 


ns 


C L = 20pF 


Output data tpp 
setup to PROG 
high 


200 






ns 


C L = 80pF 


Output data hold tprj 
from PROG high 


60 






ns 


C L = 20pF 


PROG pulse tpp 
width 


700 






ns 





E 
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AC Characteristics (cont) 



Extended Voltage Range— Port 2 

V DD =+2.5Vto +6.0V 



Extended Voltage Range— DMA 

V DD = +2.5 V to +6.0 V 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Port control tcp 
setup to PROG 
low 


460 






ns 


C L = 80pF 


Input port tpci 
control hold from 
PROG low 







200 


ns 


C L = 20pF 


Output port tprj2 
control hold from 
PROG low 


1135 






ns 


C L = 20pF 


Input data setup tpR 
to PROG low 






2715 


ns 


C L =80pF 


Input data hold tpp 
from PROG high 







500 


ns 


C L = 20pF 


Output data t u p 
setup to PROG 
high 


1850 






ns 


C L = 80pF 


Output data hold tprj 
from PROG high 


450 






ns 


C L =20pF 


PROG pulse tpp 
width 


3250 






ns 




Standard Voltage Range— DMA 

V D D=+5V±10% 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


TVp 


Max 


Conditions 


DACK setup to t^cc 
RD.WR 









ns 




DACK hold from tcAC 
RD,WR 









ns 




DACK to data tACD 
output delay 






140 


ns 




RD, WR to DRQ t CRQ 
clear delay 






130 


ns 


C L = 150pF 





Limits 




Unit 


Test 


Parameter Symbol 


Min Typ 


Max 


Conditions 


DACK setup to tAcc 
RD, WR 


200 




ns 




DACK hold from t CAC 
RD.WR 


200 




ns 




DACK to data t AC o 
output delay 




1500 


ns 




RD.WRtoDRQ t C RQ 
clear delay 




700 


ns 


C L = 150pF 


Standby Flag Retention Conditions 




Limits 




Unit 


Test 


Parameter Symbol 


Min Typ 


Max 


Conditions 


Preservation of tf 
standby flag 
voltage fall time 


100 




jxS 




Preservation of t r 
standby flag 
voltage rise time 


100 




es 




Standby flag Vstf 
retention voltage 


2.0 




V 





Input Waveforms for AC Test 



A)V DD =+5.0V±10% 



B) V 0D =+ 2.5 V -+ 6.0 V 



0.8V DD - ^ 07VpD ^ 



X2.2V- 
0-8 V- 



- Test -" 

'Points -*-p.8 



sc 



. Test . 
"Points" 



O^Voo^y 
0.6or0.8VT A 
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Standby Flag Retention Timing 



Bus Timing Requirements 



Vdd- 



VSTF 



■ Sys GND 



Symbol 


Timing Formula 


Min/Max 


Unit 


l CP 


(1/10) t CY -40 


Min 


ns 


*PC2 


(4/15) t CY - 200 


Min 


ns 


tpR 


(17/30) t CY - 120 


Max 


ns 


tpF 


(1/10)tcY 


Max 


ns 


tDP 


(2/5)t CY -150 


Min 


ns 


tPD 


(1/10)t CY -50 


Min 


ns 


tpp 


(7/10)t CY -250 


Min 


ns 


l CY 


(1/f XTA L)x15 




fiS 



Timing Waveforms 

Read Operation (DBBOUT Register) 



-*Z)£ 



X 



\ 



-*RR- 



h-t RA — 



/ 



-1 AD - 



Data Bus Output • 



\ 



-«DF- 



System Address Bus 



E 



Write Operation (DBBIN Register) 



-IX 



X 



-'aw- 



X 



-*ww- 



Data Bus Input Data May Change 



X 



■«- *WA-»- 



/ 



Kvd 



K 



Data May Change 



System Address Bus 
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Timing Waveforms (cont) 

P0RT2 






P2o-P2 3 



J V 



zx. 



P2o-P2 3 Data 



X 



X 



(— J AC2-» 



-toP- 



Output Data 



-«CP- 



xzzx 



-*pc-*- 



tpo 



Input 
Data 



% 



-tp P - 



:c 



/ 



PORT(EA = 1) 



SYNC 






\ 












/ 




/ 


\ 






P2o-P2 2 


Port Data 


X 




Port Control 


X 


Port Data 


Y Port Control 


49-001 156B 



DMA 



\ 



r~\ 



*ACC . tCAC 

-'RR- 



\ i' 



•rd 



/ 



*ACC 



tDF 



C 



J - - (■ tow. 



•CRQ 



-«ww- 



•CAC 



A valld A 
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Functional Description 

Data Bus Buffer In (DBBIN) and Data Bus Buffer 
Out (DBBOUT) Registers 

As figure 1 shows, the DBBIN and DBBOUT registers 
transfer data to and from the master processors by way 
of the 8-bit external data bus (D0-D7) and the 8-bit inter- 
nal data bus. 

Figure 1. ^PD80C42 Data Flow 



X> 



P0-P7<f~ 



Input Data 

Bus Buffer 

(8) 



/\ 



Output Data 
Bus Buffer 



b 



Internal 
Data Bus 



V 



Data Bus Buffer (DBB) Status Register 

The pjPD80C42 has an 8-bit status register (ST0-ST7) 
that contains information about the current status of 
the master or slave processor. The MOV STS, A instruc- 
tion makes status bits ST4-ST7 user-definable by mov- 
ing accumulator bits 4-1 to bits ST4-ST7 of the status 
register (ST0-ST3 are not affected). Bits ST0-ST3 give 
the status of the Output Buffer Full (OBF) and Input 
Buffer Full (IBF) bits, and flag bits (FO, F1). Figure 2 
shows the status register format. 

Figure 2. Status Register Format 



ST 7 


ST 6 


ST 5 


ST 4 


ST3 


ST 2 


ST1 


ST 


UD 


UD 


UD 


UD 


F1 


FO 


IBF 


OBF 



The MOV STS, A instruction is coded as follows: 

1 1 90H 

Figure 3 shows h ow ST0-ST3 change internally on the 
trailing-edge of RD or WR (RD and WR are edge- 
sensitive). 



Figure 3. RD or WR Inputs 




RDorWfi— — v 




a Flags Affected 

49-001 148A 



You can make STrj (OBF) and ST1 (IBF) externally availa- 
ble in order to interrupt the master processor by execut- 
ing the EN FLAGS instruction. When the EN FLAGS 
instruction is executed, P24 becomes the OBF pin. A 1 
written to P24 enables OBF and outputs its status. A 
written to P24 disables OBF by holding it low. Use OBF 
to indicate that valid data is available from the output 
data bus buffer register. 

You c an als o use the EN FLAGS instructi on to use P25 
as the IBF pin. A 1 writ ten to P25 enables IBF to output 
the in vers e of the IBF status bit. A written to P25 dis- 
ables IBF by holding it low, making data at the data bus 
invalid. 

The EN FLAGS instruction is coded as follows: 

11110 10 1 F5H 

P26 and P27 are port pins or DMA handshake pins that 
allow a DMA interface. Use the EN DMA instruc tion to 
enable P26 and P27 as DRQ (DMA Request) and DACK 
(DMA Acknowledge), respectively. A 1 written to P26 acti- 
vates DRQ, thus issuing a DMA r equest . Deactivate 
DRQ w ith the EN DMA instruction 
RD, or DACK ANDed with WR 



DACK AN Ded with 
When EN DMA is exe- 



cuted, P27 (DACK) functions as a chip select input for 
the data bus buffer registers during DMA transfers. 

The EN DMA instruction is coded as follows: 



E 



1 1 10 10 1 



HALT Mode 



E5H 



The HALT mode allows the ^PD80C42 to conserve 
power during periods of inactivity. In the HALT mode, 
the oscillator remains active but the internal system 
clock stops. The HALT instruction allows the processor 
to enter the HALT mode. 

STOP Mode 

The STOP mode disables the oscillator but maintains 
the contents of RAM. STOP mode conserves even more 
power than HALT mode. Enter STOP mode through soft- 
ware with the STOP instruction or through hardware 
with the STOP pin. In hardware STOP mode, the power 
supply voltage can drop as low as 2.0 V. In software 
STOP mode, it can drop as low as 2.5 V while still main- 
taining the RAM contents. 



Con trol th e STOP mode with hardware, with the RESET 
and STOP pins, as follows: 



Bring RESE T low for at least six machine cycles, then 
bring STOP low. This assures proper termination of 
CPU operations. Figure 4 shows the timing for con- 
trolling STOP mode with hardware. 
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Figure 4. STOP Mode Control Timing 



Oscillator starts operation. 



V 



-juirmnrL 



Oscillation stabilizing time 



/ 



knnnnnni¥l„.JL 



State count clock 



/ 



xz> 



• Release hardware STOP mode by retur ning Vqc t0 
+5V±10%. After STOP goes high, hold RESET low 
long enough to allow the oscillator to stabilize. Figure 
5 s hows h ow to control oscillator settling time with 
the STO P pin by adding an external capacitor to the 
RESET line. 

• Release th e softwa re STOP modes by applying a low 
level to the RESET pin to initiate oscillator operation. 
After sufficie nt osci llator stabilization time has 
passed, return RESET to a high level. Program execu- 
tion will then begin at address 0. 

Figure 5. STOP Mode Control Circuit 



-«3- 



Vdd 



Pull-up 
Resistor 



i 



-<■ 



+ -1- Externally 
-T Mounted 
_L Capacitor 



The following table shows the states of the output pins 
during both hardware and software STOP mode. 

Table 1. Output Pins During STOP Mode 







State 




Output Pin 


STOPZ Instruction 


STOPH Instruction 


Hardware STOP 


P1 -P1 7 , P2 -P2 7 


High-Z 


High level 


High level 


D0-D7 


High-Z 


High-Z 


High-Z 


PROG 


High level 


High level 


High level 


SYNC 


Low level 


Low level 


Low level 
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Instruction Set 





Operation 




Description 








Operation Code 










Mnemonic 


<>7 


D6 


D 5 


<>4 


D 3 


D 2 


«>1 


Do Cycles 


Bytes 


Accumulator 


ADD A, # data 


(A), (C) — (A) + data 




Add immediate the specified data to the accumulator.^) 




d 7 



d 6 



d 5 




d 4 



d 3 



d 2 


1 
di 


1 2 

do 


2 


ADDA, Rr 


(A),(C)— (A)+(Rr) 
r = 0-7 




Add contents of designated register to the accumulator.(2) 





1 


1 





1 


T2 


h 


ro 1 


1 


ADDA, @Rr 


(A),(C)~(A)+((Rr)) 
r = 0-1 




Add indirect the contents the data memory location to the 
accumulator. (2) 





1 


1 














ro 1 


1 


ADDC A, # data 


(A).(C)*- (A)+(C) + 


data 


Add immediate with carry the specified data to the accumulator. (2) 



d? 



d 6 




d 5 


d 4 



d 3 



d 2 


1 
di 


1 2 
do 


2 


ADDC A, Rr 


(A).(O — (A)+(C) + 
r = 0-7 


(Rr) 


Add with carry the contents of the designated register to the 
accumulator.(2) 





1 


1 




1 


T2 


|"1 


ro 1 


1 


ADDC A, @ Rr 


(A),(C)-(A)+(C) + 
r = 0-1 


((Rr)) 


Add indirect with carry the contents of data memory location to the 
accumulator.(2) 





1 


1 













ro 1 


1 


AN L A, # data 


(A) — (A) AND data 




Logical AND specified immediate data with accumulator. 



d 7 


1 
d 6 




d 5 


d 4 




d 3 




d 2 


1 
di 


1 2 
do 


2 


ANLA, Rr 


(A) — (A) AND (Rr) 
r = 0-7 




Logical AND contents of designated register with accumulator. 





1 







1 


r2 


n 


ro 1 


1 


ANLA, @Rr 


(A) — (A)AND((Rr)) 
r = 0-1 




Logical AND indirect the contents of data memory with accumulator. 





1 
















ro 1 


1 


CPLA 


(A) — NOT (A) 




Complement the contents of the accumulator. 








1 







1 


1 


1 1 


1 


CLRA 


(A) — 




Clear the contents of the accumulator. 








1 








1 


1 


1 1 


1 


DA A 






Decimal adjust the contents of the accumulator. (2) 





1 










1 


1 


1 1 


1 


DEC A 


(A) — (A)-1 




Decrement by 1 the accumulator's contents. 

















1 


1 


1 1 


1 


INC A 


(A) — (A)+1 




Increment by 1 the accumulator's contents. 
















1 


1 


1 1 


1 


ORLA,#data 


(A) — (A) OR data 




Logical OR specified immediate data with accumulator. 



d 7 


1 

d 6 



d 5 




d 4 



d 3 




d 2 


1 

di 


1 2 
do 


2 


ORLA, Rr 


(A) — (A)OR(Rr);r = 


0-7 


Logical OR contents of designated register with accumulator. 





1 








1 


T2 


ri 


ro 1 


1 


ORLA, @Rr 


(A) — (A)OR((Rr)) 
r = 0-1 




Logical OR indirect the contents of data memory location with 
accumulator. 





1 

















ro 1 


1 


RLA 


(A n+ l)-(An). 
(An)*" (A 7 )n = 0-6 




Rotate accumulator left by 1 bit without carry. 


1 


1 


1 








1 


1 


1 1 


1 


RLCA 


(A n+ l)*-(An), 

(An) — (C) 

(C) — (A 7 ) n = 0-6 




Rotate accumulator left by 1 bit through carry. 


1 


1 


1 


1 





1 


1 


1 1 


1 


RRA 


(A n )*-(A n+ l), 
(A 7 ) — (A )n = 0-6 




Rotate accumulator right by 1 bit without carry. 





1 


1 


1 





1 


1 


1 1 


1 



8 



■o 
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Instruction Set (cont) 





Operation 


Description 








Operation Code 






Cycles 




Mnemonic 


D7 


o% 


D5 


D 4 


D3 


D 2 


D1 


DO 


Bytes 


Accumulator (cont) 


RRCA 


(A n )~-(A n+ l), 

(A 7 )-(C) 

(C) — (A )n = 0-6 


Rotate accumulator right by 1 bit through carry. 





1 


1 








1 


1 


1 


1 


1 


SWAP A 


(A 7 -A 4 )— (A 3 -A ) 


Swap the 2 4-bit nibbles in the accumulator. 





1 











1 


1 


1 


1 


1 


XRL A, # data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


1 

°7 


1 
d 6 



d 5 


1 
d 4 



d 3 



d 2 


1 
di 


1 

do 


2 


2 


XRLA, Rr 


(A) — (A) XOR (Rr) 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


1 


1 





1 


1 


T2 


|"1 


ro 


1 


1 


XRL A, @Rr 


(A) — (A)XOR((Rr)) 
r = 0-1 


Logical XOR indirect the contents of data memory location with 
accumulator. 


1 


1 





1 











ro 


i 


1 


Branch 


DJNZ Rr, addr 


(Rr) — (Rr) - 1; 

If Rr # 0; 

(PC 7 -PC )- a 7 -a 
r = 0-7 


Decrement the specified register and test contents. 


1 
37 


1 
36 


1 
35 



34 


1 

33 


'2 
32 


31 


ro 

30 


2 


2 


JBbaddr 


(PC 7 -PC ) — - a 7 -a if Bb = 1 
(PC) — (PC) + 2 if Bb = 


Jump to specified address if accumulator bit is set. 


b 2 
37 


bi 

36 


bo 
35 


1 
34 



33 



32 


1 

31 




30 


2 


2 


JC addr 


(PC7-PC0) — a 7 -a if C = 1 

(PC) — (PC) + 2 if C = 


Jump to specified address if carry flag is set. 


1 
37 


1 
36 


1 
35 


1 
34 



33 


1 
32 


1 

31 




30 


2 


2 


JFOaddr 


(PC7-PC0) — a 7 -a if FO = 1 
(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


1 
37 



36 


1 
35 


1 
34 



33 


1 
32 


1 
31 




30 


2 


2 


JFIaddr 


(PC 7 -PC )*-a 7 -a ifF1 = 1 
(PC)— (PC) -+- 2 if F1 = 


Jump to specified address if flag F1 is set. 



37 


1 
36 


1 
35 


1 
34 



33 


1 
32 


1 
31 



ao. 


2 


2 


J MP addr 


(PC 10 -PC 8 ) — (a 7 -a ) 


Direct jump to specified address within the 2K address block. 


310 
37 


39 
36 


38 
35 



3 4 



33 


1 
32 



31 



30 


2 


2 


JMPP@A 


(PC 7 -PC )- ((A)) 


Jump indirect to specified address with address page. 


1 





1 


1 








1 


1 


2 


1 


JNCaddr 


(PC 7 -PC ) — a 7 -a if C = 
(PC) — (PC) +2ifC = 1 


Jump to specified address if carry flag is low. 


1 
37 


1 
36 


1 
35 



34 



33 


1 
32 


1 
31 




30 


2 


2 


JNIBFaddr 


(PC7-PC0) — a 7 -a if IBF = 

(PC) — (PC) + 2 if IBF = 1 


Jump to specified address if interrupt is low. 


1 
37 


1 
36 




35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 


JNTO addr 


(PC 7 -PC ) — a 7 -a if TO = 
(PC) — (PC) +2 if TO = 1 


Jump to specified address if test is low. 



37 



36 


1 
35 



34 



33 


1 

a 2 


1 
31 



30 


2 


2 


JNT1 addr 


(PC7-PC0) *- a 7 -a if T1 = 

(PC)— (PC)+2ifT1 = 1 


Jump to specified address if test 1 is low. 



37 


1 
36 



35 



34 



33 


1 
32 


1 
31 




30 


2 


2 


JNZaddr 


(PC 7 -PC ) *- a 7 -a if A # 
(PC) — (PC) + 2 if A = 


Jump to specified address if accumulator is non-zero. 


1 
37 



36 



35 


1 

a 4 



33 


1 
32 


1 
31 



30 


2 


2 



o 

CO 

O 

o 
ro 



8 



Instruction Set (cont) 


























Operation 


Description 








Operation Code 








Cycles 




Mnemonic 


D7 


D 6 


D 5 


D 4 


D 3 


D 2 


Dl 


Do 


Bytes 


Branch (cont) 


JOBFaddr 


(PC7-PC0) — a 7 -a if OBF = 1 
(PC) — (PC) + 2 if OBF = 


Jump to specified address if output is low. 


1 

37 



36 



35 



34 




33 


1 

32 


31 



30 


2 


2 


JTFaddr 


(PC 7 -PC ) — a 7 -a ifTF = 1 

then reset TF 

(PC) — (PC) + 2if TF = 


Jump to specified address if timer flag is set to 1 . 



37 



36 



35 


1 
34 



33 


1 

a 2 


31 



30 


2 


2 


JTO addr 


(PC 7 -PC ) — a 7 -a if TO = 1 

(PC) — (PC) +2 if TO = 


Jump to specified address if test is a 1. 



37 



36 


1 
35 


1 
34 




33 


1 
32 


31 



30 


2 


2 


JT1 addr 


(PC 7 -PC ) — a 7 -a if T1 = 1 
(PC)*- (PC) +2ifT1 = 


Jump to specified address if test 1 is a 1. 



37 


1 
36 



35 


1 
34 




33 


1 
32 


31 




30 


2 


2 


JZ addr 


(PC 7 -PC )- a 7 -a if A = 
(PC) — (PC) -h 2 if A = 1 


Jump to specified address if accumulator is 0. 


1 
37 


1 
36 



35 



34 




33 


1 
32 


31 



30 


2 


2 


Control 


EN I 




Enable the interrupt. 

















1 











DISI 




Disable the external interrupt input. 











1 





1 











EN DMA 




Enables DMA handshake lines. 


1 


1 


1 








1 











EN Flags 




Enables master interrupts. 


1 


1 


1 


1 





1 











SEL RBO 


(BS) — 


Select bank (locations 0-7) of data memory. 


1 


1 











1 











SEL RB1 


(BS)-1 


Select bank 1 (locations 24-31) of data memory. 


1 


1 





1 





1 











HALT 




Initiates halt mode. 





























STOPZ 




Sets CPU to software stop mode. (Port output high impedance) 


1 

















1 









STOPH 




Sets CPU to software stop mode. (Port output high level) 


1 


1 


1 











1 









Data Moves 


MOV A, # data 


(A) — data 


Move immediate the specified data into the accumulator. 



d 7 



d 6 


1 
d 5 




d 4 



d 3 



d 2 


1 

dl 


do 


2 


2 


MOV A, Rr 


(A) — (Rr); r = 0-7 


Move the contents of the designated registers into the accumulator. 


1 


1 


1 


1 


1 


T2 


ri 


r 


1 


1 


MOV A, @Rr 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of data memory location into the 
accumulator. 


1 


1 


1 


1 











r 


1 


1 


MOV A, PSW 


(A) — (PSW) 


Move contents of the program status word into the accumulator. 


1 


1 











1 


1 




1 


1 


MOV Rr, # data 


(Rr) — data; r = 0-7 


Move immediate the specified data into the designated register. 


1 

d 7 



d 6 


1 
d 5 


1 

d 4 


1 
d 3 


T2 

d 2 


r l 
di 


r 

do 


2 


2 


MOV Rr, A 


(Rr) — (A);r = 0-7 


Move accumulator contents into the designated register. 


1 





1 





1 


l"2 


""1 


r 


1 


1 


MOV @ Rr, A 


((Rr)) — (A); r = 0-1 


Move indirect accumulator contents into data memory location. 


1 





1 














r 


1 


1 


^ MOV @ Rr, # data 
i 

CO 


((Rr)) — data; r = 0-1 


Move immediate the specified data into data memory. 


1 
d 7 



d 6 


1 
d 5 


1 

d 4 



d 3 



d 2 



dl 


r 

do 


2 


2 


<o MOV PSW, A 


(PSW) — (A) 


Move contents of accumulator into the program status word. 


1 


1 





1 





1 


1 




1 


1 



8 
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Instruction Set (cont) 





Operation 


Description 








Operation Code 








Cycles 




Mnemonic 


">7 


D 6 


D 5 


D4 


D3 


D 2 


Dl 


Do 


Bytes 


Data Moves (cont) 


MOVP A, @ A 


A— «PCi -PC 8 ), (A)) 


Move data in the current page into the accumulator. 


1 





1 











1 


1 


2 


1 


M0VP3 A, @ A 


(A) — ((011, A)) 


Move program data in page 3 into the accumulator. 


1 


1 


1 











1 


1 


2 


1 


XCH A, Rr 


(A)—— (Rr); r = 0-7 


Exchange the accumulator and designated register's contents. 








1 





1 


T2 


ri 


rrj 




1 


XCH A, @ Rr 


(A)— ((Rr)); r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 








1 














rrj 




1 


XCHDA, @Rr 


(A 3 -A )„ ((Rr) 3 -(Rr) ); 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data memory. 








1 


1 











ro 




1 


Flags 


CPLC 


(C) — NOT (C) 


Complement contents of carry bit. 


1 





1 








1 


1 


1 




1 


CPLFO 


(FO) — NOT (FO) 


Complement contents of flag FO. 


1 








1 





1 





1 




1 


CPLF1 


(F1) — NOT (F1) 


Complement contents of flag F1. 


1 





1 


1 





1 





1 




1 


CLRC 


(C)-0 


Clear contents of carry bit to 0. 


1 








1 





1 


1 


1 




1 


CLR FO 


(FO) — 


Clear contents of flag to 0. 


1 














1 





1 




1 


CLRF1 


(F1) *- 


Clear contents of flag 1 toO. 


1 





1 








1 





1 


1 


1 


input /Output 


ANL Pp, 
#data 


(Pp) — (Pp) AND data 
p = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


1 

d 7 



d 6 



d 5 


1 

d 4 


1 
d 3 




d 2 


P1 

di 


Po 
do 


2 


2 


ANLDPp.A 


(Pp) — (Pp)AND(A 3 -A ); 
p = 4-7 


Logical AND contents of accumulator with designated port (4-7). 


1 








1 


1 


1 


Pi 


Po 


2 


1 


IN A, DBB 


(A) — (DBBIN);IBF — 










1 











1 





1 




IN A, Pp 


(A)-(Pp);p = 1-2 


Input data from designated port (1-2) into accumulator. 














1 





P1 


P2 


2 




MOVDA, Pp 


(A3-A0) — (pp); 
(A7-A4) — p = 4-7 


Move contents of designated port (4-7) into accumulator. 














1 


1 


P1 


Po 


2 




MOVD Pp, A 


(Pp) — (A3-A0); p = 4-7 


Move contents of accumulator to designated port (4-7). 








1 


1 


1 


1 


P1 


Po 


2 




MOVSTS.A 


(ST 7 -ST 4 ) — (A 7 -A 4 ) 


Move contents of accumulator to designated port (4-7). 


1 








1 














1 





Instruction Set (cont) 





Operation 


Description 








Operation Code 








Cycles 




Mnemonic 


D7 


">6 


D5 


D 4 


D 3 


D 2 


D1 


Do 


Bytes 


Input /Output (cont) 


ORLD Pp, A 


(Pp) — (Pp)OR(A 3 -A ); 
p = 4-7 


Logical OR contents of accumulator with designated port (4-7). 


1 











1 


1 


P1 


Po 


2 


1 


ORLPp, 
#data 


(Pp) *- (Pp) OR data 
P = 1-2 


Logical OR immediate specified data with designated port (1-2). 


1 
°7 



d 6 



d 5 



d 4 


1 
d 3 




d 2 


Pi 
di 


Po 
do 


2 


2 


OUTDBB, A 


(DBBOUT) ~- (A), OBF — 1 






















1 





1 


1 


OUTLPp, A 


(Pp) *- (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 








1 


1 


1 





Pi 


Po 


2 


1 


Registers 


DECRr 


(Rr)*-(Rr) - 1; r = 0-7 


Decrement by 1 contents of designated register. 


1 


1 








1 


T2 


n 


l"0 


1 


1 


INCRr 


(Rr)-(Rr) +1;r = 0-7 


Increment by 1 contents of designated register. 











1 


1 


T2 


ri 


ro 


1 


1 


INC@Rr 


((Rr)) — ((Rr))+1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 











1 











ro 


1 


1 


Subroutine 


CALLaddr 


((SP)) — (PC), (PSW7-PSW4) 
(SP) — (SP) + 1 
(PCio-PCo)^a 10 -a 


Call designated subroutine. 


aio 
37 


ag 

36 


as 
as 


1 

a 4 



33 


1 

32 




ai 



ao 


2 


2 


RET 


(SP) «- (SP) - 1 
(PC) — ((SP)) 


Return from subroutine without restoring program status word. 


1 

















1 


1 


2 


1 


RETR 


(SP) *- (SP) - 1 

(PC) — ((SP)) 
(PSW7-PSW4) — ((SP)) 


Return from subroutine restoring program status word. 


1 








1 








1 


1 


2 


1 


Timer /Counter 


EN TCNTI 




Enable internal interrupt flag for timer / counter output. 








1 








1 





1 




1 


DISTCNTI 




Disable internal interrupt flag for timer /counter output. 








1 


1 





1 





1 




1 


MOVA.T 


(A) — (T) 


Move contents of timer /counter into accumulator. 



















1 







1 


MOV T, A 


(T) - (A) 


Move contents of accumulator into timer / counter. 







1 











1 







1 


STOP TCNT 




Stop count for event counter. 







1 








1 





1 




1 


STRT CNT 




Start count for event counter. 
















1 





1 




1 


STRTT 




Start count for timer. 










1 





1 





1 




1 


Miscellaneous 


NOP 




No operation performed. 


























1 


1 
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Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address 


b 


Accumulator bit (b = 0-7) 


C 


Carry flag 


CNT 


Counter 


data 


8-bit data 


DBB 


Data bus buffer 


FO, F1 


Flags 0,1(C/D flag) 


I Interrupt 


IBF 


Input buffer full flag 


OBF 


Output buffer full flag 


PC 


Program counter 


Pp 


Port (p= 1-2 or 4-7) 


PSW 


Program status word 


Rr 


Register (r =0-1 or r= 0-7) 



Symbol 


Description 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


TO.T1 


TESTO, TEST1 pin 


# 


Immediate data 


@ 


Indirect address 


to 


Contents of register X 


((x)) 


Contents of memory addressed by X 


— 


Transfer direction, result 


AND 


Logical product (logical AND) 


OR 


Logical sum (logical OR) 


XOR 


Exclusive OR 




Complement 





Operating Characteristics 



VOH « l H 



VomvsioH 











V D D = 4.5V 








\ Typ 








Min > 















VDD = 4.5V 








Typ 








Min ^ 







Output High Voltage VqhOO 



Output High Voltage Vom(V) 
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Operating Characteristics (cont) 

'0HVSV DD (V 0H 1 = 2.4V) 



1 "150 

z 
o 

c 

= -100 

X 

3 
Q. 

1 -50 





































'OH VS V dd (Vqh2 = V D D - 0-5 V) 


< 
J. 

X 

p 










c 










3 °- 2 

.2* 










3 
O 











Supply Voltage Vdd(V) 



Supply Voltage Vdd(V) 



IolvsV dd (V 0L = 0.45 V) 






I L V SV DD (V DD = 4.5V) 


5" 

E 






p 






c 






3 






3 






3 

a. 






3 

o 







Supply Voltage Vdd(V) 



0.5 
Output Low Voltage Vol (V) 







'dd"ddi 


K5f(V DD 


— 


5.5 V) 








10 






Idd Max. 










VDD = 


5.5 V 


< 






.. Idd lyf 
























































































Q 
























E 

5 2 

>• 

a 
a. 

3 
CO 






I 


3D1 M< 




















I 


)DlTy 


>. 







































































































































l DD"Dm"Sf(V DD = 3V) 



1 


1 


1 












Vin = 3V 








































IDD Max. ^____ 




















































1 


in Tvd. 






































































IDD1 Max. 
















IddiTvp. 









































Oscillation Frequency, f (MHz) 
(f = 15/t CY ) 



Oscillation Frequency, f (MHz) 
(f = 15/t C Y) 
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Operating Characteristics (cont) 

*CY»SV DD 



















Ope 


rating Range 













































250 




t PC |Max(fiPD80C42)/ 
*ACC Ml" G*PD82C42) vs V DD 




Max. 
Min. 

8 




M PD82C43 
tACC Min 






cm" £ 150 

Is 

gg 

Q. q. 

3- 3. 

100 










MPD80C42 N. ^"v^ 

tpci Max ^^^ 






50 











Supply Voltage, Vdd (V) 



Supply Voltage Vdd(V) 
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//PD8748H 

HIGH-SPEED, 8-BIT, SINGLE-CHIP 

NMOS MICROCOMPUTER 

WITH UV EPROM 



Description 

The ptPD8748H is one of the ^PD8048 family of single- 
chip 8-bit microcomputers. It is a high-speed NMOS 
processor that functions efficiently in control and 
arithmetic applications. The flexible instruction set 
allows you to directly set and reset individual data bits 
within the accumulator and the I/O ports. The variety of 
branch and table look-up instructions simplifies the 
implementation of standard logic functions. 

The instruction set is made up of one- and two-byte 
instructions. Over 70% are single-byte instructions that 
require only one or two cycles. Over 50% require a 
single cycle. 

The nPD8748H functions as a stand-alone micro- 
computer. You can expand its functions with standard 
8080A/8085A peripherals and memories. It contains 
1024 x 8 bits of ROM program memory, 64 x 8 bits of 
RAM data memory, 27 I/O lines, an 8-bit internal 
timer/event counter, oscillator, and clock circuitry. 

The ^PD8748H differs from the M PD8048 in that it has 1 K 
of on-board EPROM. This is useful in preproduction or 
prototype applications where the software is not 
complete or in system designs in quantities that do not 
require a mask ROM. See the ^PD8048H/8035HL data 
sheet for more information. 

Features 

□ Low programming voltage 

□ Fully compatible with 8048/8748/8035 

□ NMOS silicon gate technology 

□ Single +5 V supply 

□ 2.5/js cycle time 

□ 96 instructions; 70% single byte 

□ Internal timer/event counter 
D 64x8 byte RAM data memory 

□ Single interrupt level 

□ 27 I/O lines 

□ Internal clock generator 

□ 8-level stack 

□ Compatible with 8080A/8085A peripherals 

□ Available in one-time-programmable plastic 
package 

Ordering Information 



Part 
Number 



Package Type 



Max Freq. 
of Operation 



Pin Configuration 




Pin Identification 



No. 


Symbol 


Function 


1,39 


TO, T1 


Testable inputs and 1 


2,3 


XTAL1, XTAL2 


Crystal inputs 


4 


RESET 


System reset input 


5 


SS 


Single step input 


6 


IT 


Interrupt input 


7 


ea 


External access input 


8 


RD 


Read strobe output 


9 


PSEN 


Program store enable 
output 


10 


WR 


Write strobe output 


11 


ALE 


Address latch enable 
output 


12-19 


D -D 7 


8-bit bidirectional port 


20 


Vss 


Ground 


21-24, 35-38 


P2 -P2 7 


8-bit quasibidirectional 
port 2 


25 


PROG 


Program pulse input 


26 


v D d 


Programming power 
supply 


27-34 


PI0-PI7 


8-bit quasibidirectional 
port 1 


40 


v C c 


Primary power supply 



E 



//PD8748HC 40-Pin plastic DIP 



11 MHz 



/uPD8748HD 40-Pin cerdip with quartz window 



11MHz 
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Pin Functions 

TO, T1 (Testable inputs and 1) 

TO uses the conditional transfer functions JTO and 
JNTO; T1 uses JT1 and JNT1. The ENTO CLK instruction 
allows TO to use the internal state clock (CLK). Use the 
STRT CNT instruction to use T1 as the timer/counter. 
During programming, you can use TO as a testable flag. 

XTAL1, XTAL2 (Crystal inputs) 

XTAL1 and XTAL2 are two sides of the crystal input for 
an external oscillator or frequency (non-TTL compatible 
Vih)- 



RESET (Reset) 



Active low input for processor initialization. RESET is 
also used for PROM programming verification and 
power down (non-TTL compatible Vm)- 

SS (Single step) 

Active low single step input. SS and ALE allow the 
processor to single step through each instruction in 
program memory. 

INT (Interrupt) 

Active low interrupt input. INT starts an interru pt if an 
enable interrupt instruction has been executed. RESET 
disables the interrupt. You can test INT with a 
conditional jump instruction. 

EA (External access) 

A logic 1 at the EA input tells the processor to perform 
all program memory fetches from external memory. 

RD (Read strobe) 

Active low read strobe output. RD pulses low when the 
processor performs a bus read. RD also enables data 
onto the processor bus from a peripheral device and 
functions as a read strobe for external data memory. 

PSEN (Program store enable) 

Active low program store enable output. PSEN 
becomes active only during external memory fetches. 



WR (Write strobe) 

Acitve low write strobe output. WR pulses low when the 
processor performs a bus write. WR also functions as a 
write strobe for external data memory. 

ALE (Address latch enable) 

Once each cycle, the falling edge of ALE latches the 
address for external memory or peripherals. You can 
also use ALE as a clock output. 

D0-D7 (8-bit bidirectional bus) 

The RD and WR strobes allow you to perform 
synchronous reads and writes on this port. The 
contents of Do-Dycan be latched in static mode. During 
an external memory f etch, D 0-D7 holds the LSBs of the 
program counter. PSEN controls the incoming 
addressed instruction. D0-D7 also holds address and 
data information for external RAM data store 
instruction (controlled by ALE, RD, and WR). 

Vss (Ground) 

Ground. 

P2 -P2 7 (Port 2) 

Port 2 is one of two 8-bit quasibidirectional ports. 
P2o-P23 hold the four MSBs of the program counter for 
external data memory fetches; P24-P27 hold data. 
P2o-P23 are also used as a 4-bit I/O bus for the ^PD8243 
I/O expander. 

PROG (Program pulse) 

Apply a +18 V pulse to the PROG input to program the 
juPD8748H. You can also use PROG as an output strobe 
forthe/uPD8243. 

Vqd (Programming power supply) 

Vdd must be +21 V to program the juPD8748H or +5V 
for the ROM and PROM versions for normal operation. 

PI0-PI7 (Portl) 

Port 1 is one of two 8-bit quasibidirectional ports used 
for external data memory fetches. 

Vcc (Power supply) 

Vcc must be +5V to program and operate the 
M PD8748H. 
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Block Diagram 



I v DD [ V cc I v ss 

Program +5 V Ground 
Supply (Low Power 
Standby) 



Oscillator 
Frequency 



Port 2 Latch (Low 4) 

and I/O Expander 

Port 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



Timer and 
Event Counter 



Accumulator 
(8) 



Higher Program 
Counter(4) K 1 



Resident Program Memory 

ROM EPROM 

1024x8 



Expansion to Additional 
External Memory and I/O 



Lower 
Program 
Counter 



8 Bit Internal Bus 



Temporary 
(8) 



Accumulator 
Latch 



*1 Arithmetic 
^^ Logic 
yS Unit 

S_ (8) 



Program 
Status Word 



PortO Latch 

Low Program 

Counter S Temp 

Register 



T 



Bus Buffer 
PortO 



Instruction 
Register/Decoder 



n 



RAM Address 
Register 



Decimal 
Adjust 



Control and Timing 
INT RESET PROG EA XTAL1 XTAL2 ALE PSEN SS RD WR 



Interrupt 



CPU/Memory 
Separate 



Single 



Conditional 
Branch 
Logic 



•TESTO 

■ TEST 1 
•INT 

FLAGO 
FLAG1 

• Timer Flag 

• Carry 

■ ACC 



Bus 
Buffer 

and 
Latch 
Portl 



Multiplexer 



Register 



Register 1 



Register 2 



Register 3 



Register 4 



Register 5 



Register 6 



8-Levei Stack 
(variable word length) 



Optional Second 
Register Bank 



Resident Data Memory RAM 
(64x8) 



PROM/Expander 
Strobe 



Address 
Latch 

Oscillator/ Strobe/ Program Read Write 
Xtal Cycle Memory Strobes 
Clock Enable 




Absolute Maximum Ratings 

T A = 25°C 



Operating temperature, Tqp 


0°C to +70°C 


Storage temperature, Tst 


-65°Cto+150°C 


Output voltage, Vq 


-0.5Vto+7.0V 


Input voltage, V| 


-0.5Vto+7.0V 


Power supply voltages, Vcc, V DD 


-0.5Vto+7.0V 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits 
described in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%,V SS = 0V 







Limits 




Test 


Parameter Symbol 


Min 


Typ 


Max 


Unit Conditions 


Input low voltage V||_ 
(except XTAL1, 
XTAL2, RESET) 


-0.5 




0.8 


V 


Input low voltage Vili 

(XTAL1.XTAL2, 

RESET) 


-0.5 




0.6 


V 


Input high voltage Vih 
(except XTAL1, 
XTAL2, RESET) 


2.0 




Vcc 


V 


Input high voltage V|m 
(XTAL1, XTAL2, 
RESET) 


3.8 




Vcc 


V 


Output low Vol 
voltage (Bus) 






0.45 


V l L = 2.0mA 


Output low Vou 
voltage (RD, WR, 
PSEN, ALE) 






0.45 


V l L=18mA 
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DC Characteristics (cont) 

T A = 0°C to +70°C, V cc = V DD = +5 V ± 10% , V S s = V 



AC Characteristics 

T A = o Cto+70 o C,Vcc = V D D=+5V±10%,V ss = 0V 





Symbol 




Limits 




Test 


Parameter 


Mln 


Typ 


Max 


Unit Conditions 


Output low 
voltage (PROG) 


V 0L2 






0.45 


V l L=1.0mA 


Output low 
voltage (all other 
outputs) 


VrjL3 






0.45 


V l 0L =1.6mA 


Output high 
voltage (Bus) 


VOH 


2.4 






V I h = -400mA 


Output high 
voltage (RD, WR, 
PSEN, ALE) 


V 0H1 


2.4 






V I h=-100hA 


Output high 
voltage (all other 
outputs) 


V 0H2 


2.4 






V I oh =-40mA 


Input leakage 
current (T1, INT) 


lu 






±10 


IaA V SS <V|<Vcc 


Input leakage 
current (PI0-PI7, 
P2 -P2 7 , EA, SS) 


"LI1 






-500 


HA V ss + 0.45 V 
<V|<V CC 


Output leakage 
current (Bus, TO, 
high impedance) 


Ilo 






±10 


HA V SS + 0.45 V 
<V|<V CC 


Supply current 
(Vdd) 


'dd 


2 




5 


mA 


Total supply 
current 


Idd+ 
•cc 


85 




110 


mA 


Programming DC Characteristics 

T A = 25°C±5 C,V CC = +5V±5%,V DD = +21V+0.5V 




Symbol 




Limits 




Test 


Parameter 


Mln 


Typ 


Max 


Unit Conditions 


V DD voltage 
high level 


V DDH 


20.5 




21.5 


V 


V DD voltage 
low level 


V DDL 


4.75 




5.25 


V 


PROG voltage 
high level 


Vp H 


17.5 




18.5 


V 


PROG voltage 
low level 


VPL 


4.0 




v C c 


V 


EA program/ 
verify voltage 
high level 


V EAH 


17.5 




18.5 


V 


V u d ni 9 n voltage 
supply current 


>DD 






20.0 


mA 


PROG high 
voltage supply 
current 


'prog 






1.0 


mA 


EA high voltage 
supply current 


'EA 






1.0 


mA 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Read, Write, and Instruction Fetch — 
External Data and Program Memory 


ALE pulse width 


III 


150 






ns 


(1.3) 


Address setup 
before ALE 


tAL" 


70 






ns 


(1.3) 


Address hold 
after ALE 


tLA 


50 






ns 


(1.3) 


Control pulse 
width (RD, WR) 


tfJCI 


480 






ns 


(1,3) 


Control pulse 
width (PSEN) 


tcC2 


350 






ns 


(1.3) 


Data setup before tow 
WR 


390 






ns 


(1.3) 


Data hold after 
WR 


l WD 


40 






ns 


(1,2,3) 


Cycle time 


l CY 


1.36 




15.0 


us 




Data hold after 
RD, PSEN 


*DR 







110 


ns 


(1,3) 


RD to data in 


l RD1 






330 


ns 


(1.3) 


PSEN to data in 


1rD2 






190 


ns 


(1,3) 


Address setup 
before WR 


tAW 


300 






ns 


(1.3) 


Address setup 
before data in 
(RD) 


l AD1 






730 


ns 


(1,3) 


Address setup 
before data in 
(PSEN) 


l AD2 






460 


ns 


(1.3) 


Address float to 
RD.WR 


Ufci 


140 






ns 


(1.3) 


Address float to 
PSEN 


*AFC2 


10 






ns 


(1, 3) 


ALEtoRD.WR 
delay time 


*LAFC1 


200 






ns 


(1,3) 


ALE to PSEN 
delay time 


^LAFC2 


60 






ns 


(1,3) 


RD, WR, PROG to 
ALE delay time 


l CA1 


50 






ns 


(1,3) 


PSEN to ALE 
delay time 


<CA2 


320 






ns 


(1.3) 



Note: 

(1) Control Output: C L = 80 pF, Bus Output: C L = 150 pF 

(2) Bus high impedance, load = 20 pF 

(3) Clock oscillation frequency, Tqsc = 11 MHz 
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AC Characteristics (cont) 

T A = 0°Cto +70°C,V CC = V DD = +5V±10%,V SS = 0V 



Programming AC Characteristics (cont) 

T A = 25°C ±5°, V DD = +21 V ± 0.5 V 







Limits 


Unit Cot 


Test 


Parameter Symbol 


Min 


Typ Max 


iditions 


Port 2 Timing 


Port control setup tpp 
before PROG 


100 




ns 


1,3) 


Port control hold tpc 
after PROG 


160 




ns 


1,3) 


Input data setup tpR 
before PROG 




650 


ns 


1,3) 


Input data hold tpp 
after PROG 





140 


ns 


1,3) 


Output data setup top 
before PROG 


400 




ns 


1.3) 


Output data hold tpn 
after PROG 


90 




ns 


1,3) 


PROG pulse width tpp 


700 




ns 


1,3) 


Port 2 I/O data t PL 
setup before ALE 


160 




ns 


1,3) 


Port 2 I/O data t LP 
setup after ALE 


15 




ns 


1,3) 


ALE to port output tpy 
time 




510 


ns 


1,3) 


TO output cycle Ioprr 
time 


270 




ns 


1,3) 



Note: 

(1) Control output: C L = 80 pF, bus output: C L = 150 pF 

(2) Bus high impedance, load = 20 pF 

(3) Clock oscillation frequency, fgsc = 11 MHz 

Programming AC Characteristics 

T A = 25 °C ± 5°, V DD = +21 V ± 0.5 V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Address setup 
before RESETt 


Uw 


4t CY 










Address hold 
after RESETt 


tWA 


4t CY 










Data Input setup 
before PROG 4 


( DW 


4t CY 










Data input hold 
after PROG 4 


l WD 


4t CY 










RESET hold after 
verify 


tpH 


4t CY 










Vdd setup before 
PROGt 


l VDDW 







1.0 


ms 




Vpjo hold after 
PROG I 


tVDDH 







1.0 


ms 




PROG pulse width 


tpw 


50 




60 


ms 




TESTO setup 
before program 
mode 


t"TW 


4t CY 










TESTO hold after 
program mode 


l WT 


4t CY 













Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


TESTO to data 
output delay(1) 


tno 






4t C Y 




RESET pulse 
width to latch 
address 


tww 


4t CY 








V DD and PROG 
rise and fall times 


tr.tf 


0.5 




100 


MS 


CPU cycle time 


Icy 


4.0 




15 


pis 4.0ms/3.7MHz 


RESET setup 
before EAt 


Ire 


4t CY 









Note: 

(1) If TESTO is high, t D0 is triggered by RESETt. 

Bus Timing Requirements 



Symbol 


Timing Formula 


Min f Max 


Unit 


111 


(7/30) trjY- 170 


Min 


ns 


tAL 


(2/15) t C Y-110 


Min 


ns 


tLA 


(1/15)t CY -40 


Min 


ns 


icci 


(1/2) t C Y-200 


Min 


ns 


*CC2 


(2/5)t C Y-200 


Min 


ns 


*DW 


(13/30)t CY -200 


Min 


ns 


IWD 


(1/15)t CY -50 


Min 


ns 


Iqr 


(1/10)t CY -30 


Max 


ns 


1RD1 


(11/13) t CY — 170 


Max 


ns 


1RD2 


(4/15) t CY - 170 


Max 


ns 


Uw 


(1/3)t C Y-150 


Min 


ns 


l AD1 


(7/10) t C y- 220 


Max 


ns 


*AD2 


(1/2)t CY -220 


Max 


ns 


UFC1 


(2/15)t CY -40 


Min 


ns 


1AFC2 


(1/30) t CY -40 


Min 


ns 


Ilafci 


(1/5)t CY -75 


Min 


ns 


1LAFC2 


(1/10)t CY -75 


Min 


ns 


1CA1 


(1/15) tcY-40 


Min 


ns 


l CA2 


(4/15)t C Y-40 


Min 


ns 


l CP 


(2/15)t C Y-80 


Min 


ns 


tpc 


(4/15) t CY - 200 


Min 


ns 


l PR 


(17/30) tcY-120 


Max 


ns 


IPF 


(1/10)t CY 


Max 


ns 


Idp 


(2/5)t C Y-150 


Min 


ns 


IPD 


(1/10)t CY -50 


Min 


ns 


tpp 


(7/10) t CY - 250 


Min 


ns 


tPL 


(4/15) t CY - 200 


Min 


ns 


tLP 


(1/30)t CY -30 


Min 


ns 


tpy 


(3/10) t CY +100 


Max 


ns 


tOPRR 


(1/5)t CY 


Min 


ns 


Icy 


(1/f0SC)x15 




MS 



E 
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Timing Waveforms 

Instruction Fetch (External Program Memory) 



Read (External Data Memory) 









— t LL 










*LAFC2 


ALE 






L 


Wc 


l~ * 




"* — *CC2 *■ 




* 'CA2 






PSEN 


t L A 








_d 


*AL 




~l 


tonl- 




Bus Floating^ 


W) 


^ Floating j 


(^y, 


Floating X 


Address ' 


>' 


*AD2 


*"" *RD2 ■* 


Instruction 














49-000470A 



AC Test I/O Waveform 



2.4V 
0.45V 



yC^- 11 Test Points : 

T 



ac 

















1 




'lafci 


ALE l~ 


| 


__l 


L 






— ted— hH 


RD 


r 






l AFC1 ** 




h i 


* 'dr 


Bus Floating YAddressxFloatingY Data Y Floating 




k^ 


*BD1 




49-000471 A 











Write (External Data Memory) 



















I 




*LAFC1 


ALE _J 


j 


L 

*CA1 








■* 'cci 




WR 






WD 


'dw 






Bus Floating ] 


f Address] 


Floating . 




Data \ 


Floating 




■" — "'aw - 


-J 




49-000472A 



Port 1/ Port 2 



1st Cycle 



2nd Cycle 



P2o-P2 3 y~ 

Output _V\_ 



P24-P27 

Plo— PI7 

Output 



~y pc H x ^ x ^ > outpu. 



Expander —\jr 
Port _V 
Input — '> 



/ \ 



PC H X Port 2 Data (0-3) )( New P2p-P23 Data 



Port 2 (4-7), Port (0-7) Data 



XE« 



New Port Data 



Port 2 (0-3) 
Data 



7 



Port 2 (0-3) 
Data 



7^ 



^7 



Port 
Control 



Y-— - x-r-X y 



3s 



Port 
Control 



s_ 



)C 



IsC 
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Timing Waveforms (cont) 

Program /Verify 



f 



~\ f 



f \ 



- Program - 



b -db 7 y - 

Address 



Last\__ 



A / 



Address Data t0 be 

_X(/(0-7) Valid Programmed Valid 

3c±Z>---OGh=.-CZDC: 



Next Addr 
Valid 



P2o-P2i 



Address (8-9) Valid 



7 



■^4 



X 



p=T 



X 



Next Address 



^ 



Verify 









49-000476B 


/ 






To, RESET \(0-7)VaW /^^ 
\ Valid . 
DB -DB 7 ~ — )-_-( \ X Y 


\ 


/ N«t \ /° UtValid 
s Address / 

s x ' y-— 


P2o-P2i X Address (8-9) Valid X Next Address VaM 

Note: 

1. When EA is "low" or TO = 5 V, PROG should be in floating conditon [*18 V]. 

2. t CY 4 fjs can be achieved using 3.7 MHz frequency at the XAL1 and XTAL2. 



E 
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Instruction Set 




















CO 


Mnemonic 


Operation 


Description 






Operation Code 




Flags 




D 7 


»6 


l>5 


o* 


">3 


«>2 


Di 


D Cycles Bytes C AC FO F1 




Accumulator 
























ADD A, # data 


(A) — (A) + data 


Add immediate the specified data to the accumulator. 



°7 



d 6 



d 5 




d 4 



d 3 




d 2 


1 

di 


1 2 2 • 
do 




ADDA, Rr 


(A) — (A) + (Rr) for 
r = 0-7 


Add contents of designated register to the accumulator. 





1 


1 





1 


r 


r 






ADDA, @Rr 


(A) — (A) + {(Rr)) for 
r = 0-1 


Add indirect the contents of the data memory location to the 
accumulator. 





1 


1 


















ADDC A, # data 


(A) — (A) + (C) + data 


Add immediate with carry the specified data to the 
accumulator. 



d 7 



d 6 



d 5 


d 4 



d 3 



d 2 


1 
di 


1 2 2 • 
do 




ADDC A, Rr 


(A) — (A)+(C)+(Rr) 
for r = 0-7 


Add with carry the contents of the designated register to the 
accumulator. 





1 


1 




1 


r 


r 






ADDC A, @ Rr 


(A) — (A)+(C)+((Rr)) 
for r = 0-1 


Add indirect with carry the contents of data memory location to 
the accumulator. 





1 


1 

















AN L A, # data 


(A) — (A) AND data 


Logical AND specified immediate data with accumulator. 



d? 


1 
d 6 



d 5 


d 4 



d 3 



d 2 


1 
di 


do 




ANLA, Rr 


(A) — (A) AND (Rr) for 
r = 0-7 


Logical AND contents of designated register with accumulator. 





1 







1 


r 


r 






ANLA,@Rr 


(A)^(A)AND((Rr))for 
r = 0-1 


Logical AND indirect the contents of data memory with 
accumulator. 





1 




















CPLA 


(A) — NOT (A) 


Complement the contents of the accumulator. 








1 







1 


1 






CLRA 


(A)— 


Clear the contents of the accumulator. 








1 








1 


1 






DA A 




Decimal adjust the contents of the accumulator. 





1 










1 


1 


11 1 • 




DEC A 


(A)-(A)-1 


Decrement by 1 the accumulator's contents. 

















1 


1 






INC A 


(A) — (A)+1 


Increment by 1 the accumulator's contents. 
















1 


1 






0RLA,#data 


(A) *- (A) OR data 


Logical OR specified immediate data with accumulator. 



d 7 


1 

d 6 



d 5 




d 4 



d 3 



d 2 


1 
di 


do 




ORLA, Rr 


(A)*-(A)OR(Rr)for 
r = 0-7 


Logical OR contents of designated register with accumulator. 





1 








1 


r 


r 






ORLA, @Rr 


(A) — (A) OR ((Rr)) for 
r = 0-1 


Logical OR indirect the contents of data memory location with 
accumulator. 





1 





















RLA 


(A N+1 ) — (A N );N = 0-6 
(Ao)~-(A 7 ) 


Rotate accumulator left by 1 bit without carry. 


1 


1 


1 








1 


1 






RLCA 


(a n+ i) < -(a n );n = o-6 

(Ao)-(C) 
(C) — (A 7 ) 


Rotate accumulator left by 1 bit through carry. 


1 


1 


1 


1 





1 


1 


11 1 • 




RRA 


(An) — (a n+ i);n = o-6 

(A 7 ) — (Ag) 


Rotate accumulator right by 1 bit without carry. 





1 


1 


1 





1 


1 






RRCA 


(A N ) — (A N+1 );N = 0-6 

(A 7 )-(C) 

(C) — (Ao) 


Rotate accumulator right by 1 bit through carry. 





1 


1 








1 


1 


11 1 • 



Instruction Set (cont) 





Operation 


Description 






Operation Code 






Cycles 




Flags 


Mnemonic 


°7 


D 6 


D5 


l>4 


!>3 


D 2 


D1 


Do 


Bytes C AC FO F1 


Accumulator (cont) 


SWAP A 


(A4-A7) ** (A0-A3) 


Swap the 2 4-bit nibbles in the accumulator. 





1 











1 


1 


1 


1 


1 




XRLA,#data 


(A) — (A) XOR data 


Logical XOR specified immediate data with accumulator. 


1 
d 7 


1 
d 6 




d 5 


1 

d 4 




d 3 




d 2 


1 
di 


1 
do 


2 


2 




XRLA, Rr 


(A) — (A) XOR (Rr) for 
r = 0-7 


Logical XOR contents of designated register with accumulator. 


1 


1 





1 


1 


r 


r 


r 


1 


1 




XRLA,@Rr 


(A) — (A) XOR ((Rr)) for 
r = 0-1 


Logical XOR Indirect the contents of data memory location with 
accumulator. 


1 


1 





1 











r 


1 


1 




Branch 


DJNZ Rr, addr 


(Rr) — (Rr) - 1; r = 0-7 
lf(Rr)#0; 
(PC -PC 7 ) — addr 


Decrement the specified register and test contents. 


1 

37 


1 

36 


1 

35 



34 


1 

33 


r 

32 


r 

31 


r 

30 


2 


2 




JBbaddr 


(PC -PC 7 ) — addr if B b = 1 
(PC) — (PC) + 2 if B b = 


Jump to specified address if accumulator bit is set. 


b 2 
37 


bi 

36 


bo 

35 


1 
34 



33 



32 


1 

31 




30 


2 


2 




JC addr 


(PC0-PC7) *- addr if C = 1 

(PC) — (PC)+2ifC = 


Jump to specified address if carry flag is set. 


1 
37 


1 
36 


1 
35 


1 
34 




33 


1 

32 


1 

31 




30 


2 


2 




JFOaddr 


(PC0-PC7) — addr if FO = 1 
(PC) — (PC) + 2 if FO = 


Jump to specified address if flag FO is set. 


1 
37 



36 


1 

35 


1 
34 




33 


1 
32 


1 

31 



30 


2 


2 




JF1 addr 


(PC0-PC7) ^ addr if F1 = 1 

(PC) — (PC) + 2 if F1 = 


Jump to specified address if flag F1 is set. 



37 


1 

36 


1 
35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 




JMPaddr 


(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC0-PC7) — (addr -addr 7 ) 
(PCuJ-DBF 


Direct jump to specified address within the 2K address block. 


310 
37 


39 
36 


38 
35 



34 




33 


1 
32 



31 



30 


2 


2 




JMPP@A 


(PC0-PG7) — ((A)) 


Jump indirect to specified address with address page. 


1 





1 


1 








1 


1 


2 


1 




JNCaddr 


(PC0-PC7) — addr if C = 
(PC) — (PC) + 2ifC = 1 


Jump to specified address if carry flag is low. 


1 
37 


1 
36 


1 

35 




34 




33 


1 
32 


1 

31 



30 


2 


2 




JNI addr 


(PC0-PC7) — addr if I = 
(PC) — (PC) + 2 if I = 1 


Jump to specified address if interrupt is low. 


1 
37 



36 



35 



34 




33 


1 
32 


1 

31 



30 


2 


2 




JNTO addr 


(PC0-PC7) *- addr if TO = 

(PC) — (PC) +2 if TO = 1 


Jump to specified address if test is low. 




37 



36 


1 
35 



34 



33 


1 
32 


1 
31 



30 


2 


2 




JNT1 addr 


(PC0-PC7) — addrifTI = 

(PC) — (PC)+2ifT1 = 1 


Jump to specified address if test 1 is low. 




37 


1 
36 



35 



34 




33 


1 
32 


1 
31 



30 


2 


2 




JNZaddr 


(PC -PC 7 )— addr if A = 
(PC) — (PC) + 2 if A = 1 


Jump to specified address if accumulator is non-zero. 


1 
37 



36 



35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 




JTFaddr 


(PC0-PC7) — addr if TF = 1 
(PC) — (PC) + 2 if TF = 


Jump to specified address if timer flag is set to 1. 




37 



36 



35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 




JTOaddr 


(PC0-PC7) — addr if TO = 1 
(PC) — (PC) + 2 if TO = 


Jump to specified address if test is a 1. 




37 



36 


1 
35 


1 
34 




33 


1 
32 


1 
31 



30 


2 


2 




JT1 addr 


(PC0-PC7) — addrifTI = 1 
(PC) — (PC) + 2ifT1 = 


Jump to specified address if test 1 is a 1. 




37 


1 
36 



35 


1 
34 



33 


1 
32 


1 
31 



30 


2 


2 





Instruction Set (cont) 





Operation 


Description 






Operation Code 








Flags 


Mnemonic 


D 7 


»6 


">5 


D 4 


D 3 


D 2 


Dl 


Do 


Cycles Bytes C AC FO F1 


Branch (cont) 


JZ addr 


(PC -PC 7 ) — addr if A = 
(PC)~-(PC)+2ifA = 1 


Jump to specified address if accumulator is 0. 


1 
37 


1 
36 



35 



34 




33 


1 
32 


1 

31 



30 


2 2 




Control 


ENI 




Enable the external interrupt input. 

















1 







1 1 




DISI 




Disable the external interrupt input. 











1 





1 







1 1 




ENTOCLK 




Enable the clock output pin TO. 





1 


1 


1 





1 







1 1 




SELMBO 


(DBF) — 


Select bank (locations 0-2047) of program memory. 




1 


1 








1 







1 1 




SELMB1 


(DBF) *- 1 


Select bank 1 (locations 2048-4095) of program memory. 




1 


1 


1 





1 







1 1 




SELRBO 


(BS) — 


Select bank (locations 0-7) of data memory. 




1 











1 







1 1 




SEL RB1 


(BS)-1 


Select bank 1 (locations 24-31) of data memory. 




1 





1 





1 







1 1 




Data Moves 


MOV A, # data 


(A) — data 


Move immediate the specified data into the accumulator. 


d 7 



d 6 


1 

d 5 




d 4 



d 3 



d 2 


1 

di 


do 


2 2 




MOV A, Rr 


(A) — (Rr);r = 0-7 


Move the contents of the designated registers into the 
accumulator. 




1 


1 


1 


1 


r 


r 




1 1 




MOV A, @Rr 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of data memory location into the 
accumulator. 




1 


1 


1 













1 1 




MOV A, PSW 


(A) — (PSW) 


Move contents of the program status word into the 
accumulator. 




1 











1 


1 




1 1 




MOV Rr, # data 


(Rr) — data; r = 0-7 


Move immediate the specified data into the designated 
register. 


d 7 



d 6 


1 
d 5 


1 

d 4 


1 

d 3 


r 
d 2 


r 

di 


do 


2 2 




MOV Rr, A 


(Rr) «- (A); r = 0-7 


Move accumulator contents into the designated register. 







1 





1 


r 


r 




1 1 




MOV @ Rr, A 


((Rr)) — (A);r = 0-1 


Move indirect accumulator contents into data memory location. 







1 
















1 1 




MOV @ Rr, 
#data 


((Rr)) — data; r = 0-1 


Move immediate the specified data into data memory. 


d 7 



d 6 


1 
d 5 


1 

d 4 



d 3 



d 2 



di 


do 


2 2 




MOV PSW, A 


(PSW) «- (A) 


Move contents of accumulator into the program status word. 




1 





1 





1 


1 




1 1 




MOVPA,@A 


(PC -PC 7 )-(A) 
(A) -((PC)) 


Move data in the current page into the accumulator. 







1 











1 




2 1 




MOVP3 A, @ A 


(PC -PC 7 ) — (A) 

(pc 8 -pc 10 ) — 011 

(A) -((PC)) 


Move program data In page 3 into the accumulator. 




1 


1 











1 




2 1 




MOVXA,@R 


(A) — ((Rr)); r = 0-1 


Move indirect the contents of external data memory into the 
accumulator. 
























2 1 




MOVX@R,A 


((Rr)) ^ (A); r = 0-1 


Move indirect the contents of the accumulator into external 
data memory. 










1 













2 1 




XCH A, Rr 


(A)-*(Rr);r = 0-7 


Exchange the accumulator and designated register's contents. 








1 





1 


r 


r 




1 1 





Instruction Set (cont) 





Operation 






Operation Code 








Flags 




Mnemonic 


Description D 7 


De 


D 5 D 4 D 3 D 2 


Di 


Do Cycles Bytes 


C 


AC FO 


F1 


Data Moves (cont) 


XCHA, @Rr 


(A)**((Rr));r = 0-1 


Exchange indirect contents of accumulator and location in data 
memory. 





10 





r 1 1 








XCHDA,@Rr 


(A0-A3) — ((Rr))o-((Rr)) 3 ; 
r = 0-1 


Exchange indirect 4-bit contents of accumulator and data 
memory. 





1 10 





r 1 1 








Flags 



8 



CPLC 


(C) — NOT (C) 


Complement contents of carry bit. 


1 


1 








1 1 1 


1 • 




CPLF0 


(F0) — NOT (FO) 


Complement contents of flag FO. 


1 





1 





1 1 


1 


• 


CPLF1 


(F1) — NOT (F1) 


Complement contents of flag F1. 


1 


1 


1 





1 1 


1 


• 


CLRC 


(0— 


Clear contents of carry bit to 0. 


1 





1 





111 1 • 


CLRF0 


(FO) — 


Clear contents of flag too. 


1 











1 1 


1 


• 


CLRF1 


(F1)-0 


Clear contents of flag 1 to 0. 


1 


1 








1 1 


1 


• 



Input /Output 


ANLBUS, 
#data 


(bus) — (bus) AND data 


Logical AND immediate specified data with contents of bus. 


1 
d 7 



d 6 



d 5 


1 

d 4 


1 
d 3 




d 2 




di 



do 


2 2 


ANLPp, 
#data 


(Pp) — (Pp) AND data 
P = 1-2 


Logical AND immediate specified data with designated 
port (1 or 2). 


1 
d 7 



d 6 



d 5 


1 

d 4 


1 

d 3 




d 2 


P 
di 


P 
do 


2 2 


ANLD Pp, A 


(Pp) — (Pp)AND(A -A 3 ); 
p = 4-7 


Logical AND contents of accumulator with designated port 
(4-7). 


1 








1 


1 


1 


P 


P 


2 1 


IN A, Pp 


(A) — (Pp); p = 1-2 


Input data from designated port (1-2) into accumulator. 














1 





P 


P 


2 1 


INS A, BUS 


(A)— (bus) 


Input strobed bus data into accumulator. 














1 











2 1 


MOVD A, Pp 


(A0-A3) — (Pp); p = 4-7 
(A4-A7) — 


Move contents of designated port (4-7) into accumulator. 














1 


1 


P 


P 


2 1 


MOVD Pp, A 


(Pp) — (A -A 3 ); p = 4-7 


Move contents of accumulator to designated port (4-7). 








1 


1 


1 


1 


P 


P 


2 1 


ORLBUS, 
#data 


(bus) — (bus) OR data 


Logical OR immediate specified data with contents of bus. 


1 

d 7 



d 6 




d 5 




d 4 


1 

d 3 



d 2 



di 



do 


2 2 


ORLD Pp, A 


(Pp) — (Pp)0R(A -A 3 ); 
p = 4-7 


Logical OR contents of accumulator with designated port 
(4-7). 


1 











1 


1 


P 


P 


2 1 


ORL Pp, 
#data 


(Pp) — (Pp) OR data 
P- 1-2 


Logical OR immediate specified data with designated port 
(1-2). 


1 
d 7 




d 6 



d 5 




d 4 


1 

d 3 




d 2 


P 
di 


P 
do 


2 2 


OUTLBUS.A 


(bus) — (A) 


Output contents of accumulator onto bus. 




















1 





2 1 


OUTLPp.A 


(Pp)— (A); p = 1-2 


Output contents of accumulator to designated port (1-2). 








1 


1 


1 





P 


P 


2 1 


Registers 


DECRr(Rr) 


(Rr) — (Rr) + 1; r = 0-7 


Decrement by 1 contents of designated register. 


1 


1 








1 


r 


r 


r 


1 1 


INCRr 


(Rr) — (Rr) = 1; r = 0-7 


Increment by 1 contents of designated register. 











1 


1 


r 


r 


r 


1 1 


INC@Rr 


((Rr)) — ((Rr)) = 1; 
r = 0-1 


Increment indirect by 1 the contents of data memory location. 











1 











r 


1 1 



■0 
o 

CD 
CO 




Instruction Set (cont) 





Operation 


Description 






Operation Code 






Cycles 


Bytes 




Flags 




Mnemonic 


D7 


06 


D 5 D 4 D 3 D 2 


Di 


Do 


C 


AC FO 


F1 


Subroutine 



CALLaddr ((SP)) — (PC) 

(PSW4-PSW7), 
(SP) — (SP) + 1 
(PC 8 -PC 10 ) — (addr 8 -addr 10 ) 
(PC -PC 7 ) — (addr -addr 7 ) 
(PC fl )*- DBF 



Call designated subroutine. 



a-io a 9 a 8 1 1 2 
a 7 a 6 a 5 a 4 a 3 a 2 ai a 



RET 


(SP) — (SP) = 1 
(PC).— ((SP)) 




Return from subroutine without restoring program status word. 


1 

















1 


1 2 1 


RETR 


(SP) — (SP) = 1 
(PC)-((SP)) 

(PSW4-PSW7) *- 


((SP)) 


Return from subroutine restoring program status word. 


1 








1 








1 


1 2 1 


Timer /Counter 


EN TCNTI 






Enable internal interrupt flag for timer/counter output. 








1 








1 





1 1 1 


DISTCNTI 






Disable internal interrupt flag for timer /counter output. 








1 


1 





1 





1 1 1 


MOVA.T 


(A) — (T). 




Move contents of timer /counter into accumulator. 



















1 


11 


MOVT.A 


(T)-(A) 




Move contents of accumulator into timer /counter. 







1 











1 


1 1 


STOPTCNT 






Stop count for event counter. 







1 








1 





111 


STRT CNT 






Start count for event counter. 
















1 





11 1 


STRTT 






Start count for timer. 










1 





1 





1 1 1 


Miscellaneous 


NOP 






No operation performed. 























1 1 



Note: 

(1) Instruction code designations r and p form the binary representation of the registers and ports involved. 

(2) The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

(3) References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

(4) Numerical subscripts appearing in the function column reference the specific bits affected. 
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Instruction Set Symbol Definitions 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary carry flag 


addr 


Program memory address (12 bits) 


B b 


Bit designator (b = 0-7) 


BS 


Bank switch 


BUS 


Bus port 


C 


Carry flag 


CLK 


Clock signal 


CNT 


Event counter 


D 


Nibble designator (4 bits) 


data 


Number or expression (8 bits) 


DBF 


Memory bank flip-flop 


FO, F1 


Flags 0, 1 


I Interrupt 


P 


"In-page" operation designator 



Symbol 


Description 


Pp 


Port designator (p=1, 2 or 4-7) 


PSW 


Program status word 


Rr 


Register designator (r=0, 1 or 0-7) 


SP 


Stack pointer 


T 


Timer 


TF 


Timer flag 


T0.T1 


Testable flags 0, 1 


X 


External RAM 


# 


Prefix for immediate data 


@ 


Prefix for indirect address 


$ 


Program counter's current value 


(x) 


Contents of external RAM location 


((x)) 


Contents of memory location addressed by the 
contents of external RAM location 


*- 


Replaced by 



E 
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Section 5 — 16-Bit, Single-Chip Microcomputers 

A/PD70320/322 CMOS Microcomputers (V25™) 5-3 

V25 is a trademark of NEC Corporation. 
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NEC 

NEC Electronics Inc. 

PRELIMINARY INFORMATION 



A/PD70320/322 (V25™) 

16-BIT, SINGLE-CHIP 

CMOS MICROCOMPUTERS 



Description 

The yuPD70320 and //PD70322 (V25™) are high-per- 
formance, 16-bit, single-chip microcomputers with an 
8-bit external data bus. They combine the instruction 
set of the A/PD70108 (V20™) with many of the on-chip 
peripherals in NEC's 78000 series. 

The //PD70320/322 processor has software compati- 
bility with the V20 (and subsequently the 8086/8088), 
faster memory accessing, superior interrupt processing 
ability, and enhanced control of internal peripherals. 

A variety of on-chip components, including 16K bytes 
of mask programmable ROM OuPD70322 only), 256 
bytes of RAM, serial and parallel I/O, comparator port 
lines, timers, and a DMA controller make the/yPD70320/ 
322 a sophisticated microsystem. 

Eight banks of registers are mapped into internal RAM 
below an additional 256-byte special function register 
(SFR) area that is used to control on-chip peripherals. 
I nternal RAM and the SFR area are together relocatable 
to anywhere in the 1M-byte address space. This 
maintains compatibility with existing system memory 
maps. 

The £<PD70322 is the mask ROM version and the 
//PD70320 is the ROM-less version. 

Features 

□ Complete single-chip microcomputer 

— 16-bit ALU 

— 16K bytes of ROM &uPD70322) 

— 256 bytes of RAM 

□ Four-byte instruction prefetch queue 

□ 24 parallel I/O lines 

□ Eight analog comparator inputs with programmable 
threshold level 

D Two independent DMA channels 

□ Two 16-bit timers 

□ Programmable time base counter 

□ Two full-duplex UARTs 

□ Programmable interrupt controller 

— Eight priority levels 

— Five external, 12 internal sources 

— Register bank (eight) context switching 

— Eight macro service function channels 
V20 and V25 are trademarks of NEC Corporation. 



□ DRAM refresh pulse output 

□ Two standby modes 

— HALT 

— STOP 

□ Internal clock generator 

— 5-MHz maximum frequency (0.4-//S instruction 
cycle time) (target specification: 8 MHz) 

□ Programmable wait state generation 

□ Separate address/data bus interface 

□ CMOS technology 



Ordering Information 


Part Number 


Package Type 


//PD70320G-12 


80-pin plastic miniflat 


//PD70322G-12 


80-pin plastic miniflat 


//PD70320L 


84-pin PLCC (plastic leadled chip carrier) 


//PD70322L 


84-pin PLCC (plastic leadled chip carrier) 



Pin Configurations 

80-Pin Plastic Miniflat 



„ 


n « - o 


EA 

MREQ 

lOSTB 

MSTB 

R/W 

REFRQ 

RESET 

VDD 

X2 



x 


. n 


n n n n 


nnnnnnnnn 


n n . 




( 80 


77 


74 71 68 


65 > 




po 5 C 








64 


DVth 


posC 




O 






DPT7 


P0//CLKOUT c 






62 


H PT6 


Doc 










JPTS 


D1C 










3PT4 


D2C 








59 


3PT3 


D3C 


7 








3PT2 


D4C 










HPT1 


D5C 








56 


]PT0 


D 6 C 


10 








DPI7/READY 


D?C 










3P1 6 /SCKO 


AoC 






^PD70320/322 


53 


UPI5/TOUT 


A1C 


13 








DP14/INT/POTL 


A2C 










J PI3/1NTP2/INTAK 


A3C 








50 


3 PI2/1NTP1 


A 4 C 


16 








3P1,/INTP0 


AsC 










3P10/NMI 


AeC 








47 


3P27/HLDRQ 


A7C 


19 








3 P2 6 /HLDAK 


AsC 










3 P2 5 /fcT 


AgC 








44 


3 P24/DMAAKI 


A10C 


22 








DP23/DMARQ1 


A11C 










3 P2 2 /fC0 


A12C 


24 






41 


[]P2i/DMAAK0 


I 


S 25 


28 


31 34 37 


40 J 




u 


u u u u 


uuuuuuuuu 


u u 










1 >s 




" 


< <t < <x 


<< ialBSilBS 








E 
















a- 
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Pin Configurations (cont) 

84-Pin PLCC 



Pin Identification 





ff.iffff.lMilli..n. 


PO7/CLKOUT C 


nnnnnnnnnnnnnnnnnnnnn 




'lO 7 4 1 84 82 79 76 N 


3 PT7 


OoC 


13 73 


3PT6 


01C 




3 PT5 


D 2 C 




3PT4 


D3C 




DPT3 


DtC 




3PT2 


O5C 


. 


HPT1 


DsC 


19 67 


DPTO 


D7C 


■ 


J P17/READY 


AoC 




J P16/SCKO 


A1C 


22 pPD70320/322 64 


J PI5/TOUT 


A2C 




J PI4/INT/POLL 


A3C 




3 PI3/INTP2/INTAK 


A4C 


25 .. 61 


3Pl2/(NTPt .-. 


AsC 




3P1l/iNTP0 


A 6 C 




J P1Q/NMI 


A/C 


28 58 


1 P27/HLDRO 


AeC 




D P2 6 /HLDAK 


A9C 




3 P25/TBT 


A10C 


31 55 


3 P24/DMAAK1 


A11C 


34 37 40 43 46 49 52 


3 P2 3 /DMARQ1 


UUUUUUUlJUUUlJULJLJLJLJLJLJIJLJ 






= r a 




a. o. 
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Symbol 


Function 


A -A 19 


Address bus outputs 


Do-D? 


Bidirectional data bus 


X1.X2 ■" 


Crystal connection terminals 


RESET 


Reset input 


V D D 


Positive power supply voltage 


Vss 


Ground 


Vth 


Threshold voltage input 


PT0-PT7 


Comparator port input lines. 


EA 


External access 


MREQ 


Memory request output 


PO0-PO7 


I/O port 


CLKOUT 


System clock output 


NMI 


Nonmaskable interrupt input 


P11-PW 

IRTPD-lHTPl 


Parallel input port lines/ 
External interrupt input lines 


PI3/INTP2/INTAK 


Parallel input port line/ 
External interrupt input line/ 
Interrupt acknowledge output 


PI4/INT/RJCL 


I/O port 1 /Interrupt request input/ 
I/O poll input 


PI5/TOUT 


I/O port 1 bit/Timer out 


P1 6 /SCK0 


I/O port 1 bit/Serial clock out 


PI7/READY 


I/O port 1 bit/Ready 


P2 /DMARQ0 


I/O port 2 bit/DMA request 


PZllDMMWQ 


I/O port 2 bit/DMA acknowledge 


P2 2 /TC0 


I/O port 2 bit/DMA terminal count 


P2 3 /DMARQ1 


I/O port 2/DMA request 1 


P2 4 /DMAAK1 


I/O port 2/DMA acknowledge 1 


P2 5 /TCT 


I/O port 2/DMA terminal count 1 


P2 6 /HLDAK 


I/O port 2/Hold acknowledge output 


P2 7 /HLDRQ 


I/O port 2/Hold request input 


fOSTB 


I/O strobe output 


msTb 


Memory strobe output 


R/W 


Read /Write output 


REFRQ 


Refresh pulse output 


RxDO 


Serial receive data input 


CTSO 


Clear to send input 


TxDO 


Serial transmit data output 


RxD1 


Serial receive data 1 input 


CTS1 


Clear to send 1 input 


TxD1 


Serial transmit data 1 output 
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Pin Functions 

A0-A19 [Address Bus] 

Ao-A-19 is the 20-bit address bus used to access all 
external devices. 

D -D 7 [Data Bus] 

D -D 7 is the 8-bit external data bus. 



RESET [Reset] 



A low on R ESET r esets the CPU and all on-chip 
peripherals. RESET can also release the standby 
modes. After RESET returns high, program execution 
begins from address FFFFOH. 

X1, X2 [Crystal Connections] 

The internal clock generator requires an external 
crystal across these terminals. 

Vqd [Power Supply] 

Two positive power supply pins (Vdd) reduce internal 
noise. 

Vss [Ground] 

Two ground connections (Vss) reduce internal noise. 

Vth [Threshold Voltage] 

The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line can be Vjh or Vjh x n/16, where n = 1 
to 15. 

EA [External Access] 

If this pin is low on reset, the //PD70322 will execute 
program code from external memory instead of from 
internal ROM. 



MREQ [Memory Request] 



MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 

PT0-PT7 [Comparator Port] 

PT0-PT7 are inputs to the analog comparator port. 

PO0-PO7 [Port 0] 

PO0-PO7 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port. 



P1o-P1 7 [Port1] 

PI1-PI3 are the input only lines of parallel port 1. P1 
and PI4-PI7 are the remaining lines of parallel port 1, 
each line individually programmable as either an input 
or output. 

P2 -P2 7 [Port 2] 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional I/O 
port. The lines can also be used as control signals for 
the on-chip DMA controller. 

CLKOUT [System Clock] 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 

NMI [Nonmaskable Interrupt] 

NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 



INTP0-INTP2 [External Interrupt] 



INTP0-INTP2 allow external devices to generate I/O 
requests (interrupts). Each can be programmed to be 
rising or falling edge triggered. 




INTAK [Interrupt Acknowledge] 

After INT is asserted, the CPU will respond with 
I NTAK (active low) to i nf orm external devices that the i nterrupt 
request has been granted. 

INT [Interrupt Request] 

INT is a maskable, active-low, vectored interrupt 
request input. After assertion, external hardware must 
provide the interrupt vector number. 



POLL [Poll] 



Upon execution of the POLL intruction, the CPU 
checks the status of this pin and, if low, program 
execution continues. If high, the CPU will check the 
level o f the line every five clock cycles until it is low. 
POLL can be used to synchronize program execution 
to external conditions. 

TOUT [Timer Out] 

TOUT is the square-wave output signal from the 
internal timer. 
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SCKO, TxDn, CTSn, RxDn [Serial Clock 
Out, Serial Transmit Data, Clear to Send, 
Serial Receive Data] 

The two on-chip serial ports use these lines for data 
transmission, receiving, and handshaking. 

READY [Ready] 

After READY is asserted (active low), the CPU will 
synchronize and insert at least two wait states into a 
read or write cycle to memory or I/O. This allows the 
processor to accommodate devices whose access 
times are longer than normal execution allows. 

DMARQn, DMAAKn, TCn [DMA Request, DMA 
Acknowledge, Terminal Count] 

These are the control signals to and from the on-chip 
DMA controller. 

HLDRQ [Hold Request] 

The HLDRQ input (active low) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance state with in ternal 4.7 -kO pu ll-up 
resistors: A -A 19 , D0-D7, MREQ, R/W, and MSTB. 



HLDAK [Hold Acknowledge] 



An HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 



IOSTB [I/O Strobe] 



IOSTB is asserted during read and write operations to 
external I/O. 



MSTB [Memory Strobe] 



MSTB (active low) is asserted during read and write 
operations to external memory. 

R/W [Read/Write] 

An R/W output allows external hardware to determine 
if the current operation is a read or write cycle. It can 
also control the direction of bidirectional buffers. 



REFRQ [Refresh] 

This active-low output pulse can refresh nonstatic 
RAM. It can be programmed to meet system specif- 
ications and is internally synchronized so that refresh 
cycles do not interfere with normal CPU operation. 
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Block Diagram 



P2 /OMARQ0 
P2 1 /BMSArai • 

P22/TCB- 
P23/DMARQ1 
P2 4 /DMAAK1 

P2 5 /TC1 



TxDO 
RxDO 
P16/SCKS 
CTSO 
TxD1 
RxD1 
CTS1 



PVNMI 

P11/JNTP0 

P12/INTP1 

Pl3/iNTP2/iNTAK 

PVINT/PCjLL 



Programmable 

DMA 

Controller 



A ^ 

\ • 



-+ 


Serial 

Communication 

Interface 


zz 


Baud Rate 
Generator 
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Functional Description 

Architectural Enhancements 

The following features enable the //PD70320/322 to 
perform high-speed execution of instructions: 

• Dual data bus 

• 16-/32-bit temporary registers/shifters (TA, TB, 
TA + TB) 

• 16-bit loop counter (LC) 

• Program counter (PC) and prefetch pointer (PFP) 

Dual Data Bus. The //PD70320/322 has two internal 
16-bit data buses: the main data bus and a subdata bus. 
This reduces the processing time required for addition/ 
subtraction, and logical comparison instructions by 
one third over single bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from the general purpose registers and 
transferred to the ALU. 

16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/ division and shift/ rotation 
instructions. By using the temporary registers/shifters, 
the//PD70320/322 can execute multiplication/division 
instructions about four times faster than with the 
microprogramming method. 

Loop Counter [LC]. The dedicated hardware loop counter 
counts the number of loops for string opera- 
tions and the number of shifts performed for multiple 
bit shift/rotation instructions. The loop counter works 
with internal dedicated shifters to speed the processing 
of multiplication/division instructions. 

Program Counter and Prefetch Pointer [PC and PFP]. 

The hardware PC addresses the memory location of 
the instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors 
having only one instruction pointer. 

Register Set 

Figure 1 shows the //PD70320/322 has eight banks of 
registers functionally mapped into internal RAM. Each 
bank contains general purpose registers, pointer and 
index registers, segment registers, and save areas. 

General Purpose Registers [AW, BW, CW, DW]. There 
are four 16-bit general purpose registers that can each 
serve as individual 16-bit registers or two independent 
8-bit registers (AH, AL, BH, BL, CH, CL, DH, DL). The 
following instructions use the general purpose registers 
for default: 



AW Word multiplication/division, word I/O, data 
conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control branch, repeat prefix 

CL Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect address- 
ing I/O 

Pointers [SP, BP] and Index Registers [IX, IY]. These 
registers are used as 16-bit base pointers or index 
registers in based addressing, indexed addressing, 
and based indexed addressing. The registers are used 
as default registers under the following conditions: 

SP Stack operations 

IX Block transfer (source), BCD string operat- 
ions 

IY Block transfer (destination), BCD string 
operations 

Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 



Segment Register 

PS (Program segment) 
SS (Stack segment) 
DSO (Data segment-0) 
DS1 (Datasegment-1) 



Default Offset 

PC 

SP, Effective address 
IX, Effective address 
IY, Effective address 



Save Registers. SAVE PC and SAVE PSW are used as 
save areas during register bank context switching. The 
VECTOR PC save location contains the effective 
address of the interrupt service routine when register 
bank switching is used to service interrupts. 

Program Counter [PC]. The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be executed. 
It is incremented every time an instruction is received 
from the queue. It is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. 
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Processor Status Word [PSW]. The PSW contains the 
following status and control flags. 



15 






PSW 






8 


1 


RB2 


RB1 


RBO 


V 


DIR 


IE 


BRK 


7 















S 


Z 


F1 


AC 


FO 


P 


BRKI 


CY 



Status Flags 


Control Flags 


V Overflow bit 


DIR 


Direction of string 


S Sign 




processing 


Z Zero 


IE 


Interrupt enable 


AC Auxiliary carry 


BRK 


Break (after every 
instruction) 


P Parity 


RBn 


Register bank select 


CY Carry 


BRKI 


I/O trap enable (see 
software interrupts) 




FO, F1 


General-purpose 
user flags (accessed 
through the flag 
special function 
register) 



Memory Map 

The yuPD70320/322 has a 20-bit address bus that can 
directly access 1 M bytes of memory. Figure 2 shows that 
the 16K bytes of internal ROM (//PD70322 
only) are located at the top of the address space from 
FC000H to FFFFFH. 



Internal Data Area. Figure 2 shows the internal data 
area (IDA) is a 256-byte internal RAM area followed 
consecutively by a 256-byte special function register 
(SFR) area. All the data and control registers for on- 
chip peripherals and I/O are mapped into the SFR area 
and accessed as RAM. The IDA is dynamically relocat- 
able in 4K-byte increments by changing the value in 
the internal data base (IDB) register. Whatever value is 
in this register will be assigned as the uppermost eight 
bits of the IDA address. 

On reset, the internal data base register is set to FFH 
which maps the IDA into the internal ROM space. 
However, since the //PD70322 has a separate bus to 
internal ROM, this does not present a problem. When 
these address spaces overlap, program code cannot be 
executed from the IDA and internal ROM locations 
cannot be accessed as data. You can select any of the 
eight possible register banks which occupy the entire 
internal RAM space. Multiple register bank selection 
allows faster interrupt processing and facilitates multi- 
tasking. 

In larger-scale systems where internal RAM is not 
required for data memory, the internal RAM can be 
removed completely from the address space and 
dedicated entirely to registers and control functions 
such as macro service and DMA channels. Clearing the 
RAMEN bit in the processor control register achieves 
this. When the RAMEN bit is cleared, internal RAM can 
only be accessed by register addressing or internal 
control processes. 




Figure 1. Register Banks in Internal RAM 
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Figure 2. Memory Map 
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Instruction Set 

The /iPD70320/322 instruction set is fully compatible 
with the V20 native mode instruction set. The V20 
instruction set is a superset of the juPD8086/8088 
instruction set with different execution times and 
mnemonics. 

The //PD70320/322 does not support the V20 8080 
emulation mode. All of the instructions pertaining to 
this have been deleted from the //PD70320/322 in- 
struction set. 

Enhanced Instructions 

In addition to the //PD8086/88 instructions, the 
//PD70320/322 has the following enhanced instructions. 

Instruction Function 



PUSH imm 
PUSHR 

POPR 
MUL imm 

SHLimm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 

CHKIND 
INM 



Pushes immediate data onto stack 

Pushes eight general registers onto 
stack 

Pops eight general registers from stack 

Executes 16-bit multiply of register or 
memory contents by immediate data 

Shifts/rotates register or memory by 
immediate value 



Checks array index against designated 
boundaries 

Moves a string from an I/O port to 
memory 



OUTM Moves a string from memory to an I/O 

port 

PREPARE Allocates an area for a stack frame and 
copies previous frame pointers 

DISPOSE Frees the current stack frame on a 
procedure exit 

Unique Instructions 

The yuPD70320/322 has the following unique 
instructions. 

Instruction Function 



INS 

EXT 

ADD4S 

SUB4S 

CMP4S 

ROL4 

ROR4 

TEST1 

SET1 

CLR1 

NOT1 

BTCLR 

REPC 

REPNC 



Inserts bitfield 

Extracts bit field 

Perforate packed BCD string addition 

Performs packed BCD string subtraction 

Performs packed BCD string 
comparison 

Rotates BCD digit left 

Rotates BCD digit right 

Tests bit 

Sets bit 

Clears bit 

Complements bit 

Tests bit; if true, clear and branch 

Repeat while carry set 

Repeat while carry cleared 



Variable Length Bit Field Operation Instructions 

Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The //PD70320/322 
supports two separate operations on bit fields: insertion 
(INS) and extraction (EXT). There are no restrictions 
on the position of the bit field in memory. Separate 
segment, byte offset, and bit offset registers are used 
for insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 
are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 
effective for graphics, high level languages, and packing/ 
unpacking applications. 

Insert bit field copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general purpose register). The bit 
field length can be located in any byte register or 
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supplied as immediate data. Following execution, both 
the IY and reg8 are updated to point to the start of the 
next bit field. 

Bit field extraction copies the bit field of specified 
length from the bit field addressed by DS0:IX:reg8 to 
the AW register. If the length of the bit field is less than 
16 bits, the bit field is right justified with a zero fill. The 
bit field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bitfield. 

Figures 3 and 4 show bit field insertion and bit field 
extraction. 

Packed BCD 

Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL4). Packed BCD strings 
may be one to 254 digits in length. The two BCD 



rotation instructions perform rotation of a single BCD 
digit in the lower half of the AL register through the 
register or the memory operand. 

Bit Manipulation Instructions 

The /yPD70320/322 has five unique bit manipulation 
instructions. The ability to test, set, clear, or comple- 
ment a single bit in a register or memory operand 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. This feature further enhances control over 
on-chip peripherals. 

Repeat Prefixes 

Two new repeat prefixes (REPC, REPNC) allow con- 
ditional block transfer instructions to use the state of 
the CY flag as the termination condition. This allows 
inequalities to be used when working on ordered data, 
thus increasing performance when searching and 
sorting algorithms. 



Figure 3. Bit Field Insertion 
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Besides the V20 instruction set, the juPD70320/322 
has the four additional instructions described in 
table 1. 

Table 1. Additional Instructions 



Instruction 



Function 



BTCLR var,imm3, 
short label 



Bit test and if true, clear 

and branch; otherwise, no operation 



STOP (no operand) Power down instruction, stops oscillator 

RETRBI (no operand) Return from register bank context switch 
interrupt 

FINT (no operand) Finished interrupt. After completion of a 
hardware interrupt or I/O request, this 
instruction must be used to reset the current 
priority bit in the in-service priority register 
(ISPR). 



The ISPR is an 8-bit register; each of its bits, PR0-PR7, 
correspond to each of the eight possible I/O request 
priorities, respectively. The ISPR keeps track of the 
priority of the interrupt currently being serviced by 
setting the appropriate bit. The ISPR format is shown 
below. 



PR 7 


PR 6 


PR5 


PR 4 


PR 3 


PR 2 


PR1 


PR 



Interrupt Structure 

The //PD70320/322 can service interrupts generated 
through hardware and software. Table 2 shows the 
various software interrupts. 



Table 2. Software Interrupts 


Interrupt 


Description 


Divide error 


The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 


Single step 


The interrupt is generated after every instruction 
if the BRK bit in the PSW is set. 


Overflow 


By using the BRKV instruction, an interrupt can be 
generated as the result of an overflow. 


Interrupt 
instructions 


The BRK 3 and BRK imm8 instructions can 
generate interrupts. 


Array bounds 


The CHKIND instruction will generate an interrupt 
if specified array bounds have been exceeded. 


Escape trap 


The CPU will trap on an FP01.2 instruction to 
allow software to emulate the floating point 
processor. 



I/O trap If the I/O trap bit in the PSW is set, a trap will be 

generated on every IN or OUT instruction. 
Software can then provide an updated peripheral 
address. This feature allows software 
interchangeabilty between different systems. 



When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, since 
//PD70320/322 internal peripherals are memory map- 
ped, software conversion could be difficult. The I/O 
trap feature allows easy conversion from external 
peripherals to on-chip peripherals. 

Interrupt Vector Table. Table 3 shows the starting 
addresses of interrupt processing routines. The table 
begins at physical address OH, which is outside the 
internal ROM space. Therefore, if utilizing an interrupt 
processing routine within the interrupt vector table, 
external memory will be required. By servicing in- 
terrupts via the macro service function or context 
switching, you can avoid the addition of external 
memory. 

Each interrupt vector is four bytes. Upon execution of a 
vectored interrupt, the lower addressed word is trans- 
ferred to the PC, and the upper word to the PS. 
However, the byte order within each word is reversed 
so that the low-order bytes of the vector address 
become the most significant bytes in the PC and PS. 

Hardware Interrupt Configuration. There are two types 
of hardware interrupt requests: standard vectored 
interrupts and I/O requests. 

After a vectored interrupt, the PC and PSW are saved 
on the stack and the program transfers to the location 
indicated by the interrupt vector contents. When an 
interrupt is triggered by NMI, the CPU automatically 
traps to vector number two. When an interrupt is 
triggered by INTR, external devices must provide the 
interrupt vector number. 

I/O requests are a group of interrupts, generated 
externally or from on-chip peripherals. The internal 
interrupt controller controls I/O requests. I/O requests 
can be serviced (by the macro service function) without 
transferring program control to an interrupt routine. 
The following are the 14 possible I/O requests. 



Group 

External interrupt 
request 

DMA controller 

Timer 

Serial interface 



Source 



INTPO, INTP1.INTP2 

INTDO, INTD1 

INTTUO, INTTU1, INTTU2 

INTSERO, INTSRO, 
INTSTO, INTSER1, 
INTSR1JNTST1 
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Table 3. 


Interrupt Vectors 


Address (Hex) 


Vector No. 


Assigned Use 


00 





Divide error 04 1 Break flag 


04 


1 


Break flag 


08 


2 


NMI 


OC 


3 


BRK3 instruction 


10 


4 


BRKV instruction 


14 


5 


CHKIND instruction 


18 


6 


General purpose 


1C 


7 


Escape trap 


20 


8 


General purpose 


24-3C 


9-15 


Reserved 


40-4C 


15-19 


General purpose 


50 


20 


I/O trap 


54-5C 


21-23 


General purpose 


60 


24 


Reserved 


64-6C 


25-27 


General purpose 


70 


28 


INTSERO 


74 


29 


INTSRO 


78 


30 


INTSTO 


7C 


31 


General purpose 


80 


32 


INTSER1 


84 


33 


INTSR1 


88 


34 


INTST1 


8C 


35 


General purpose 


90 


36 


INTDO 


94 


37 


INTD1 


98-9C 


38,39 


General purpose 


AO 


40 


INTPO 


A4 


41 


INTP1 


A8 


42 


INTP2 


AC 


43 


General purpose 


BO 


44 


INTTUO 


B4 


45 


INTTU1 


B8 


46 


INTTU2 


BC 


47 


INTTB 


0C0-3FF 


48-255 


General purpose 



Arbitration of I/O requests is resolved internally by the 
interrupt controller. The priority of each I/O request is 
individually programmable from O to 7 (0 is the highest 
priority). You can process these interrupts in one of 
three modes: standard vectored interrupt, register 
bank context switching, or macro service function. 
When standard vectored interrupt mode is selected, 
I/O requests are serviced as previously described 
vectored interrupts. The CPU automatically traps to 
the vector location shown in the interrupt vector table. 

Register bank context switching allows I/O requests to 
be processed rapidly by switching register banks. After 
an interrupt, the new register bank selected is that 
which has the same register bank number (0-7) as the 
priority of the interrupt to be serviced. The PC and PS W 
are automatically stored in the save areas of the new 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. After interrupt processing, execution of 
the RETRBI (return from register bank interrupt) returns 
control to the former register bank and restores the 
former PC and PSW. Figures 5 and 6 show register 
bank context switching and register bank return. 

The macro service function (MSF) acts as an internal 
DMA controller between on-chip peripherals (special 
function registers) and memory. The MSF greatly 
reduces the software overhead and CPU time that 
other processors would require for register save 
processing, register returns, and other handling 
associated with interrupt processing. 

If the MSF is selected for a particular I/O request, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the CPU. Each time a request occurs, the 
macro service counter is decremented. When the 
counter reaches zero, an interrupt is generated. The 
MSF also has a character search option. When selected, 
every byte transferred will be compared to an 8-bit 
search character and an interrupt will be generated 
if a match occurs or if the macro service counter counts 
out. 

There are eight eight-byte macro service channels 
mapped into internal RAM from XXEOOH to XXE3FH. 
Figure 7 shows the components of each channel. 
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Figure 5. Register Bank Context Switching 



Figure 7. Macro Service Channels 
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Figure 6. Register Bank Return 
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MSS = Macro service segment 

MSP = Macro service pointer 

SCHR = Search character 

SFRP = Special function register pointer 

USC - Macro service counter 



On-Chip Peripherals 

Timer Unit 

The //PD70320/322 (figure 8) has two programmable 
16-bit interval timers (TM0,TM1) with variable input 
clock frequencies on-chip. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MDO, MD1 ). The timer operates in interval timer mode 
or one-shot mode. 

Interval Timer Mode. In this mode, TM0/TM1 are 
decremented by the selected input clock and, after 
counting out, the registers are automatically reloaded 
from the modulus registers and counting continues. 
Each time TM1 counts out, I/O requests are generated 
through TF1 and TF2 (Timer Flags 1,2). When TMO 
counts out, an I/O request is generated through TFO. 
The timer out signal can be used as a square wave 
output whose half-cycle is equal to the count time. 
There are two selectable input clocks (SCLK: system 
clock = fosc/2, fosc = 10 MHz). 



Clock 

SCLK/6 
SCLK/128 



Timer Resolution 

1.2 /us 
25.6 /us 



Full Count 

78.643 ms 
1.678 s 



One-Shot Mode. In the one-shot mode, TMO and MDO 
operate as independent one-shot timers. Starting with 
a preset value, each is decremented to zero. At zero, 
counting ceases and an I/O request is generated by 
TFO orTF1 . One-shot mode allows two selectable input 
clocks (fosc = 10 MHz). 



Clock 

SCLK/12 
SCLK/128 



Timer Resolution 

2.4 /us 
25.6 /us 



Full Count 

157.283 ms 
1.678 s 
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Time Base Counter 

The ;uPD70320/70322 has a free-running long base 
counter that can be used to generate periodic interrupts 
at lengthy intervals. The counter has three selectable 
input clocks: SCLK, SCLK/2, and SCLK/4. You can 
select one of the following four taps (outputs) from the 
counter as an interrupt source: i/1024, i/8192, 1/64K, or 
i/1M ("i" is the selected input clock). 

TheTBC interrupt is unlike the other on-chip peripheral 
I/O requests in that it is preset as a level seven vectored 
interrupt. Macro service and register bank switching 
cannot be used to service this interrupt. Figure 9 
is the time base counter block diagram. 

Refresh Controller 

The yuPD70320/322 has an on-chip refresh controller 
for dynamic and pseudostatic RAM mass storage 
memories. The refresh controller generates refresh 
addresses and refresh pulses. It inserts refresh cycles 
between the normal CPU bus cycles according to 
refresh specifications. 

The refresh controller outputs a 9-bit refresh address 
on address bits A -A 8 during the refresh bus cycle. 
Address bits As-Ai 9 are all 1's. The 9-bit refresh 
address is automatically incremented at every refresh 
timing for 512 row addresses. The 8-bit refresh mode 
(RFM) register specifies the refresh operation and 
allows refresh during both CPU HALT and HOLD 

Figure 8. Timer Unit Block Diagram 



modes. Refresh cycles are automatically timed to 
REFRQ following read/write cycles to minimize the 
effect on system throughput. 



The following shows the REFRQ pin level in relation 
to bits 4 (RFEN) and 7 (RELV) of the refresh mode 
register. 
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Figure 9. Time Base Counter Block Diagram 
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Serial Interface 

The//PD70320/322 has two full-duplex UARTs, channel 
and channel 1. Each serial port channel has a 
transmit line (TxDn), a receive line (RxDn), and a clear 
to send (CTSn) input line for handshaking. Com- 
munication is synchronized by a start bit, and you can 
program the ports for even, odd, or no parity, character 
lengths of seven or eight bits, and one or two stop bits. 

The/;PD70320/322 has dedicated baud rate generators 
for each serial channel. This eliminates the need to 
obligate the on-chip timers. The baud rate generator 
allows a wide range of data transfer rates (up to 1 
Mbps). This includes all of the standard baud rates 
without being restricted by the value of the particular 
external crystal. Each baud rate generator has an 8-bit 
baud rate generator (BRGn) data register which func- 
tions as a prescaler to a programmable input clock 
selected by the serial communication control (SCCn) 
register. Together these must be set to generate a 
frequency that is equivalent to the desired baud rate. 

In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of data transferred is synchronized to a serial clock 
(SCKO). This is the same as the NEC //COM75 and 
//COM87 series, and allows easy interfacing to these 
devices. Figure 10 shows the serial interface block 
diagram. 

DMA Controller 

The //PD70320/322 has a two-channel, on-chip DMA 
controller. This allows rapid data transfer between 
memory and auxiliary storage devices. The DMA con- 
troller supports four modes of operation, two for 
memory-to-memory transfers and two for transfers 
between I/O and memory. 

Memory-to-Memo ry Trans fers. In single-step mode, 
the falling edge of DMARQ causes DMA tran sfer cycl es 
and CPU bus cycles to alternate as long as DMARQ is 
low or until the prescribed number of DMA transfers 
has occurred. Interrupts can be accepted while in this 
mode. In burst mode, DMA transfer cycles continue 
until the DMA terminal counter decrements to zero. 
Software can also initiate memory-to-memory transfers. 

Transfers Between I/O and Memory, in single-transfer 
m ode, one DMA transfer occurs after each falling edge 
of DMARQ. After the transfer, the bus is returned to the 
CPU. In demand release mode, the falling edge of 
D MARQ en ables DMA cycles, which continue as long 
as DMARQ is low. 



In ail modes, the TC (terminal count) output pin will 
pulse low and a DMA completion I/O request will be 
generated after the predetermined number of DMA 
cycles has been completed. Figure 11 shows the DMA 
channel area in memory. 

The bottom of internal RAM contains all of the ne- 
cessary address information for the designated DMA 
channels. The DMA channel mnemonics are as follows: 

TC Terminal counter 

SAR Source address register 

SARH Source address register high 

DAR Destination address register 

DARH Destination address register high 

The DMA controller generates physical source ad- 
dresses by offsetting SARH 12 bits to the left and then 
adding the SAR. The same procedure is also used to 
generate physical destination addresses. You can pro- 
gram the controller to increment or decrement source 
and/or destination addresses independently during 
DMA transfers. 

Parallel Ports 

The /UPD70320/322 has three 8-bit parallel I/O ports: 
P0, P1, and P2. SFR locations can access these ports. 
The port lines are individually programmable as inputs 
or outputs. Many of the port lines have dual functions 
as port or control lines. 

The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the Vref input or Vref x n/16, 
where n = 1 to 15. 

Programmable Wait State Generation 

You can generate wait states internally to further 
reduce the necessity for external hardware. Insertion 
of these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements. 

When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block, 
with the exception of the uppermost block, can be 
programmed for zero, one, or two wait states, or for 
external control (READY signal). The appropriate bits 
in the wait control word (WTC) control wait state 
generation. Programming the bits corresponding to 
the top 128K-byte block of memory, will actually set the 
wait state conditions for the entire I/O address space. 
Figure 12 shows the memory map for programmable 
wait state generation. 
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Figure 10. Serial Interface Block Diagram 
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Figure 11. DMA Channels 



Figure 12. Programmable Wait State Generation 
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Low-Power Standby 

There are two low-power standby modes: HALT and 
STOP. Software causes the processor to enter either 
mode. 

HALT Mode. In the HALT mode, the processor is 
inactive and the chip consumes much less power than 
when operational. The external oscillator remains 
functional and all peripherals are active. Internal status 
and output port line conditions are maintained. Any 
unmasked interrupt or I/O request can release this 
mode. In the El state, I/O requests subsequently will be 
processed as vectored interrupts. In the Dl state, 
program execution is restarted with the instruction 
following the HALT instruction. 

STOP Mode. The STOP mode allows the largest power 
reduction while maintaining RAM. The oscillator is 
stopped, halting all internal peripherals. All internal 
status is maintained. Only a reset or NMI can release 
this mode. 

A standby flag in the SFR area is set by rises in the 
supply voltage. The flag is reset when its status is read. 
Its status is maintained during normal operation and 
standby. Use the standby flag to determine whether 
program execution is returning from standby or from a 
cold start. 



Special Function Registers 

Table 4 shows the special function register mnemonic, 
type, address, reset value, and function. Figures 13 
through 32 show the register formats. 



Table 4. Special Function Registers 


Name 


Byte/ 
Word 


Address 


Reset 
Value 


Function 


PO 


B 


xxFOOH 




PortO 


PMO 


B 


xxFOIH 


FFH 


Port mode 


PMCO 


B 


xxF02H 


00H 


Port mode control 


P1 


B 


xxF08H 




Portl 


PM1 


B 


xxF09H 


FFH 


Port mode 1 


PMC1 


B 


xxFOAH 


00H 


Port mode control 1 


P2 


B 


xxFIOH 




Port 2 


PM2 


B 


xxF11H 


FFH 


Port mode 2 


PMC2 


B 


xxF12H 


00H 


Port mode control 2 


PT 


B 


XXF38H 




PortT 


PMT 


B 


XXF3BH 


00H 


Port mode T 


INTM 


B 


xxF40H 


00H 


Interrupt mode 


EMSO 


B 


xxF44H 




External interrupt macro 
service 


EMS1 


B 


XXF45H 




External interrupt macro 
service 1 


EMS2 


B 


XXF46H 




External interrupt macro 
service 2 


EXICO 


B 


XXF4CH 


47H 


External I/O request 
control 


EXIC1 


B 


XXF4DH 


47H 


External I/O request 
control 1 


EXIC2 


B 


XXF4EH 


47H 


External I/O request 
control 2 
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Table 4. Special Function Registers (cont) 



Name 


Byte/ 
Word 


Address 


Reset 
Value 


Function 


RXBO 


B 


xxF60H 




Receive buffer 


TXBO 


B 


xxF62H 




Transfer buffer 


SRMSO 


B 


xxF65H 




Serial receive macro 
service 


STMS1 


B 


xxF66H 




Serial transmit macro 
service 1 


SCMO 


B 


xxF68H 


OOH 


Serial communication 
modeO 


SCCO 


B 


xxF69H 


00H 


Serial communication 
control 


BRGO 


B 


xxF6AH 


OOH 


Baud rate generator 


SCEO 


B 


xxF6BH 


OOH 


Serial communication 
error 


SEICO 


B 


xxF6CH 


47H 


Serial error I/O request 
control 


SRICO 


B 


xxF6DH 


47H 


Serial receive I/O request 
control 


STICO 


B 


xxF6EH 


47H 


Serial transmit I/O request 
control 


RXB1 


B 


xxF70H 




Receive buffer 1 


TXB1 


B 


xxF72H 




Transmit buffer 1 


SRMS1 


B 


xxF75H 




Serial receive macro 
service 1 


STMS1 


B 


xxF76H 




Serial transmit macro 
service 1 


SCM1 


B 


xxF78H 


OOH 


Serial communication 
mode 1 


SCC1 


B 


xxF79H 


OOH 


Serial communication 
control 1 


BRG1 


B 


xxF7AH 


OOH 


Baud rate generator 
register 1 


SCE1 


B 


xxF7BH 


OOH 


Serial communication 
error 


SEIC1 


B 


XXF7CH 


47H 


Serial error I/O request 
control 1 


SRIC1 


B 


xxF7DH 


47H 


Serial receive I/O request 
control 1 


STIC1 


B 


XXF7EH 


47H 


Serial transmit I/O request 
control 1 


TMO 


W 


xxF80H 




Timer register 


TMOL 


B 


xxF80H 




Timer register low 


TMOH 


B 


xxF81H 




Timer register high 


MDO 


W 


xxF82H 




Modulo register 



Name 


Byte/ 
Word 


Address 


Reset 
Value 


Function 


MDOL 


B 


xxF82H 




Modulo register low 


MDOH 


B 


xxF83H 




Modulo register high 


TM1 


W 


xxF88H 




Timer register 1 


TM1L 


B 


xxF88H 




Timer register 1 low 


TM1H 


B 


xxF89H 




Timer register 1 high 


MD1 


W 


xxF8AH 




Modulo register 1 


MD1L 


B 


xxF8AH 




Modulo register 1 low 


MD1H 


B 


xxF8BH 




Modulo register 1 high 


TMCO 


B 


xxF90H 


OOH 


Timer control 


TMC1 


B 


XXF91H 


OOH 


Timer control 1 


TMMSO 


B 


xxF94H 




Timer macro service 


TMMS1 


B 


xxF95H 




Timer macro service 1 


TMMS2 


B 


xxF96H 




Timer macro service 2 


TMICO 


B 


xxF9CH 


47H 


Timer I/O request control 


TMIC1 


B 


xxF9DH 


47H 


Timer I/O request control 1 


TMIC2 


B 


xxF9EH 


47H 


Timer I/O request control 2 


DMACO 


B 


xxFAOH 




DMA control 


DMAMO 


B 


xxFAIH 


OOH 


DMA mode 


DMAC1 


B 


xxFA2H 




DMA control 1 


DMAM1 


B 


xxFA3H 


OOH 


DMA mode 1 


DICO 


B 


xxFACH 


47H 


DMA I/O request control 


DICI 


B 


xxFADH 


47H 


DMA I/O request control 1 


RFM 


B 


xxFEIH 


10H 


Refresh mode 


TBIC 


B 


xxFECH 


47H 


Time base I/O request 
control 


WTC 


W 


xxFE8H 


FFH 


Wait control 


WTCL 


B 


xxFE8H 


FFH 


Wait control low 


WTCH 


B 


xxFE9H 


FFH 


Wait control high 


PSWL 


B 


xxFEAH 


OOH 


Flag register 


PRC 


B 


xxFEBH 


4EH 


Processor control 


SB 


B 


xxFEOH 




Standby control 


IDB 


B 


FFFFFH 


FFH 


Internal data area base 
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Figure 13. Port Mode Registers 0, 1, and 2. 
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Figure 14. Port Mode Control Register 
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Figure 15. Port Mode Control 1 Register 
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Figure 16. Port Mode Control 2 Register 
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Figure 17. Port Mode T Register 
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Figure 18. Interrupt Mode Register 
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Figure 19. I/O Request Control Registers 



xxICn: 


7 


6 


5 


4 3 2 10 






49-001 383B 


FLAG 


MASK 


MS/ 
INT 


ENCS 





PR 2 


PR, 


PR 




















I I 












PR 
2 1 


Priority 
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Figure 20. Macro Service Control Registers 
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Figure 21. Serial Communication Mode Register 
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Figure 22. Serial Communication Error Registers 
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Figure 23. Timer Control Register 
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Figure 24. Serial Communication Control Register 
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Figure 25. Timer Control 1 Register 
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Figure 26. DMA Mode Registers 
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DMA Control Register 




















7 6 5 4 3 2 1 




49-001391B 








PD1 


PDO 








PS1 


PSO 




I I 




I I 














Source Address Increment/Decrement Control 


PS1 


PSO 
















Source Address not 
Incremented/Decremented 


i 
I 





1 


Increment Source Address ( + 1) 


1 





Decrement Source Address ( - 1 ) 


1 


1 


Source Address not 
Incremented/Decremented 


Destination Address Increment/Decrement Control 






PD1 


PDO 














Destination Address not 
Incremented/Decremented 





1 


Increment Destination 
Address ( + 1) 


1 





Decrement Destination 
Address (-1) 


1 


1 


Destination Address not 
Incremented/Decremented 





















5-25 



//PD70320/322 (V25) 



NEC 



Figure 28. Refresh Mode Register 
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Figure 29. Time Base I/O Request Control Register 
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Figure 30. Wait Control Register 
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Figure 31. Processor Control Register 
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Figure 32. Standby Register 
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LCD PERIPHERALS 



Section 6 — LCD Peripherals 

,uPD6307 LCD Row Driver 6-3 

//PD6308 LCD Column Driver 6-7 

//PD7225 CMOS, Intelligent, Alphanumeric LCD Controller/Driver 6-11 

yuPD7227 CMOS, Intelligent, Dot-Matrix LCD Controller/Driver 6-21 

//PD7228 CMOS, Intelligent, Dot-Matrix LCD Controller/Driver 6-29 

//PD72030 CMOS, Intelligent, LCD Controller 6-39 
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M PD6307 
LCD ROW DRIVER 



Description 

The nPD6307 can directly drive any multiplexed LCD 
organized with up to 32 rows. It is easily cascaded to 
128 rows. 

Features 

□ High voltage output 21 V maximum 

□ Directly controllable by the /iPD72030 
D CMOS technology 

□ Single 5 V ±10% power supply 



Ordering Information 




Part Number 




Package Type 


//PD6307G-F 




54-pin plastic miniflat 


juPD6307G-R 


54-pin plastic miniflat (inverted leads) 



Pin Configuration 



RoC 1 

RlC 2 

R 2 C 3 

R 3 C 4 

R 4 C 5 
RsC 6 

R 6 C 7 
R 7 C 8 
R 8 C 9 
R 9 C 1i 
Rio C 1 
R11 C 1 
R12C t 



<o |w |w \J> \in Ico |<o <o o fn " " " v) 

o lo lo lo lu lo lo |o > > > > > oc 

nnnnnnnnnnnnnn 

54 53 52 51 50 49 48 47 46 45 44 43 42 41 



o 



14 15 16 17 18 19 20 21 22 23 24 25 26 27 

UUUUUUUUULJUUUU 



Urso 

DeoT 
3 RST 
3 STB 

Dfrm 

3 SBY 

DR31 
HR30 
3 R29 

3 R28 
HR27 
HR26 



a. a. ccccccic-gtcaccccaicca: 



Pin 1 


dentification 




No. 


Symbol 


Function 


1-19, 
21-23 


R0-P.31 


Row drive output 


20 


vec 


Positive power supply 


34 


SBY 


Standby input 


35 


FRM 


Frame input 


36 


STB 


Strobe input 


37 


RST 


Reset input 


38 


EOT 


End of transfer input 


39 


iow 


I/O write input 


40, 41 


RS , RS-| 


Row select input 


42-44 


VLC1. v LC4. VlC5 


LCD drive supply 


45 


Vss 


Ground 


46 


Vcc (= v lco) 


Positive power supply and 
LCD drive supply 


47-54 


CS7-CS0 


Chip select output 
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Pin Functions 

R0-R31 (Row Drive Output) 

LCD row drive output. 

CS0-CS7 (Chip Select) 

Column driver chip select. These outputs are 
generated by the CS counter and RS0-RS1. 

Vlci, V L c4, V L C5 (LCD Drive Supply) 

Reference voltages used to drive R0-R31. 

RSo, RS1 (Row Select) 

This input selects the row driver cascade connection. 
It_enables expansion to 128 row drive outputs and 32 
CS outputs, as shown in table 1. 

FRM (Frame) 

A high level input to this pin displays a positive frame 
and a low level input displays a negative frame. At the 
falling or rising edge of the signal, the row counter 
is cleared and the row driver is started from R . 

STB (Strobe) 

Row drive strobe input. One STB pulse input at the 
timing interval causes the display of the next row. 



IOW (I/O Write) 

This input incre ment s the CS counter signal follow- 
ing 10 low level IOW pulses. 

EOT (End of Transfer) 

This input clears the CS counter when it goes active 
low. 

RST (Reset) 

This is the row driver reset input. A low input clears 
the internal counter and row outputs R0-R31, and sets 
the CS0-CS7 outputs to a high level. 

SBY (Standby) 

This is the standby input. A low level input to this pin 
sets the row outputs R0-R31 to V[_co- Before entering 
standby mode, set all column driver display data to 
high level. 

Vcc (= Vlco) (Power Supply and LCD Drive 
Supply) 

Connect the 5 V power supply between Vcc an d Vss 
for logic circuit operation. This pin is also used for 
the row drive voltage output. 

Vss (Ground) 

Ground. 



Block Diagram 



Vcc(=Vlco) 

V LC 4 

Vlci " 



" " 

To Logic 

Circuit 



Timing Control 



XTXTT 

RST i SBY ^ STB 
EOT FRM 



R -R 3 1 

it 



Voltage Control and 
Output Driver 



m 



Decoder/Selector 



WTF 



Row Counter 
(7-Bit) 



CS1 CS3 CS5 CS7 

cs"i ? csl ? csi ? CS^ ? 



Chip Select 
Counter and Decoder 



RS1 
RS iow 
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Functional Description 

Timing Control Circuit 

This circuit contr ols th e timi ng fo r each internal block. 
FRM, RS , RS^ RST, and SBY are sampled at the 
leading edge of STB, and then supplied to other in- 
ternal circuits. 

Row Counter Decoder/Select Circuit 

As shown in figure 1, this circuit consists of a 7-bit 
counter, a comparator, and a 5 to 32 decoder. The 7-bit 
counter can accommodate 128 rows. The comparator 
acts to clear R0-R31 if the upper two bits of the 
counter do not match RSo and RS-|. If they match, one 
of R0-R31, indicated by the lower five bits of the row 
counter, is selected and the rest are cleared. RS and 
RS1 allow for cascading as shown in table 1. Table 2 
shows the row select logic. 

Figure 1. Row Counter Decoder/Select Circuit 



To Voltage Control, Driver Circuit 



£t 



5 to 32 Decoder 



A B C D E 



Row Counter Count-Up- 
Row Counter Clear- 




LSB MSB 

7-Bit Counter 



RSo' *- 
RS1' *- 



* RSo', RS1', and RST are obtained by synchronizing RSo, RSi, RST with STB. 

83-003 163A 



Table 1. 


RSo and RS1 Row Cascading 




RS 


RSj 


Row Signal 




Chip Select 








R0-R31 




CS0-CS7 





1 


R32- R 63 




CS8-CS15 


1 





R 64" R 95 




CS16-CS23 


1 


1 


R 96 _R 127 




CS24-CS31 


Table 2. 


Row Select Logic 






EN E 


D 


C B 


A 


Selected 
Row Signal 


1 











Ro 


1 








1 


R1 


1 1 


\ 


I I 


1 


Rn 


1 1 


1 


1 1 





R30 


111111 R 31 


X 


X 


X X 


X 


None 



Voltage Control Driver Circuit 

This circuit generates the r ow s ignals for AC drive of 
the LCD pane l. A low level RST clears the output. A 
low level SBY sets the output V|_co- Table 2 shows the 
R0-R31 output levels. 

Table 2. Rq-R3i Outputs Levels 



Function 


+ (FRM = 1) 


- (FRM = 0) 


Select 


VLC5 


Vlco 


Clear 


V L C4 


Vlci 



Chip Select Counter/Decoder Circuit 

This circuit, shown in figure 2, generates the column 
driver CS signal. Thjs circuit has a 5-bit counter to 
generate up to 32 CS signals . The 5-bit counter is in- 
cremented once for every 10 IOW (active low) pulses. 
If the upper two bits of the chjp select counter do not 
match RSo and RS-|, all the CS0-CS7 outputs are set 
to high level. If they match, one of CS0-CS7 (indicated 
by the lowe r three bits of the chip select counter) goes 
low. If RST is low, CS0-CS7 become high level. Table 
3 shows the chip select logic. 



E 
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Figure 2. Chip Select Counter/Decoder Circuit 



Table 3. Chip Select Logic 



CS1 CS3 CS5 CS7 

ISO f CS2 ♦ CS4 f CS6 | 

1 1 nil 1 1 



3 -> 8 Decoder 
a b c 



to 



J 



A = B 
Comparator 
A B 



. , - 



JZ 



;lear 

n 



1/10 
Divider 



LSB MSB 

5-Bit Counter 



RSo'- 
RS!'- 



EN 


c 


b 


a 


Chip Select 













es 










1 


CSf 







1 





cs 2 







1 


1 


cs 3 




1 








cs 4 




1 





1 


cs 5 




1 


1 





cs 6 


1 1 1 1 C§ 7 





X 


X 


X 


Disabled 
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M PD6308 
LCD COLUMN DRIVER 



Description 

The /iPD6308 can directly drive any multiplexed dot- 
matrix LCD organized with up to 40 columns. It is 
easily cascaded to fit the user's system. 

Features 

□ High voltage output 21 V maximum 

□ Directly controllable by the ^PD72030 

□ CMOS technology 

□ Single 5 V ±10% power supply 



Pin Configuration 



Ordering Information 




Part Number 




Package Type 


A<PD6308G-F 




54-pin plastic miniflat 


/yPD6308G-R 


54-pin plastic miniflat (inverted leads) 



CoC 1 

CiC 2 
C 2 C 3 
C S [4 
C 4 C 5 
C 5 C 6 
C 6 C 7 
C 7 C 8 
CiC! 

c 9 C 
C10C 

C12C 



qqdqI2u.<oIo>>>>>o 

nnnnnnnnnnnnnri 

54 53 52 51 50 49 48 47 46 45 44 43 42 41 



o 



M PD6308 



10 



30 



14 15 16 17 18 19 20 21 22 23 24 25 26 27 

uuuuuuuuuuuuuu 



HC38 

DC37 

HC36 

3C35 
UC34 
DC33 
HC32 
DC31 
3 C30 
3 C29 
3 C28 

29 3 C27 
28 D C 26 



oooooo>ooooooo 



Pin Identification 




No. 


Symbol 


Function 


1-19, 
21-41 


C0-C39 


Column drive output 


20 


v cc 


Positive power supply 


42-44 


V LC2. V LC3- 
V L C5 


LCD drive supply 


45 


Vss 


Ground 


46 


Vcc 
(=v L co 


Positive power supply and 
LCD drive supply 


47 


CS 


Chip select output 


48 


STB 


Strobe input 


49 


FRM 


Frame input 


50 


I0W 


I/O write input 


51-54 


D3-D0 


Data input 



E 
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Pin Functions 

C0-C39 (Column Drive Output) 

LCD column drive output. 

V|_C2. V L C3, VlC5 ( LCD Dr ' Ve Su PP'y) 

Reference voltages used to drive C0-C39. 

D0-D3 (Data Input) 

This is the display data bus. Data in the 40-bit input 
latch is written via this bus four bits at a time, a total 
of 10 times. 

FRM (Frame) 

A high level input to this pin displays the positive 
frame and a low level input displays the negative 
frame. 

STB (Strobe) 

This is the column driver strobe input. At the leading 
edge of the STB input, the 40-bit display data in the 
input latch is transferred to the output latch to appear 
in the column drive output. 



Block Diagram 



Vcc = (VlcO) 

v LC 3 
Vss 



To Logic 
Circuit 



C0-C39 



Voltage Control and 
Output Driver 



ffi 



Output Latch 
(40-Bits) 



5 



Input Latch /~T\ n n 

(4-Bits x 10) K_Ll Do - D3 



Timing Control 



TTT 

CS A FRM 



10 Latch Enable 



Column Data 
Counter and Decoder 



, FRM, 
IOW STB 



IOW (I/O Write) 

This is the data write input. If CS is active and IOW 
goes low, data on D -D 3 is written to the input latch. 

CS (Chip Select) 

This input pin is conne cted to the chip_ select output 
of the row driver as the IOW enable. CS is active low. 

Vcc (= Vlco) ( p ° wer Supp'y and LCD 

Drive Supply) 

Connect the 5 V power supply between V cc and V S s. 
Vcc is a ' so used f° r the column drive voltage. 

Vss (Ground) 

Ground. 



Functional Description 

Timing Control Circuit 

This circuit controls the timing that operates each 
M PD6308 internal block. 

Voltage Control Driver Circuit 

This circuit generates the column signals for AC drive 
of the LCD panel. Table 1 lists C0-C39 output levels. 
FRM' is obtained by internally synchronizing the FRM 
signal with the leading edge of the STB signal. 



Table 1. C -C 39 Output Levels 




Function + (FRM' =1) 


- (FRM' =0) 


Select (Data = 1) V LC5 


V LC0 


Clears (Data = 0) V L C3 


V LC2 



Column Data Counter/Decoder Circuit 

The column data counter/decoder circuit is shown in 
figure 1. This decimal circuit generates latch enable 
pulses to the input latches, which latch 40 bits of data 
(four bits at a time, a total of 10 times). The number 
of decoder outputs can be increased by cascading 
fiPD6308s under the control of CS. T he co unter value 
increments at the leading edge of IOW, and clears 
when CS goes high. 
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Figure 1. Internal Block Diagram 



STB — ► > 



Co Ci C2 C3 C 4 C 5 C 6 C 7 • • • • • • C36 C37 C38 C39 

t t t I t t t t t t t t 



n ■ , ; 



,, , ii , 



Q 
Latch 



11 i, ,. 



lxd 



Q 
Latch 9 



n i . 1 , .. 



Latch 3 Latch 5 Latch 7 



- Output Latch 



■ Input Latch 



1 2 3 4 5 



4 -» 10 Decoder 



rrt? 



A B C D 



,, 



CS 

iow 



LSB MSB 

Decimal Counter 



- Column Data Decoder 



■ Column Data Counter 



Input Latch Circuit 

The input latch circuit is shown in figure 1. The input 
latches display data four bits at a time until 40 bits 
are la tched and displayed. When CS is active low, 
each IOW active low pulse input to the decimal 
counter causes 1 of 10 latch enable signals to be 
generated from the column data decoder. Latches 
to 9 are enabled consecutively to load data D0-D3 un- 
til 40 bits are latched. 



Output Latch Circuit 

The output latch circuit is shown in figure 1. The 40 
bits output from the input latch circuit are transferred 
to the output latch circuit at the leading edge of the 
STB signal and appear on the column drive outputs. 
Note that Do is output to C3, D1 to C2, D 2 , to C1, and 
D 3 to C . 



E 
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//PD7225 

CMOS, INTELLIGENT, ALPHANUMERIC 

LCD CONTROLLER/DRIVER 



Description 

The ^PD7225 is an intelligent peripheral device de- 
signed to interface most microprocessors with a wide 
variety of alphanumeric LCDs, It can directly drive any 
static or multiplexed LCD containing up to 4 backplanes 
and up to 32 segments and is easily cascaded for larger 
LCD applications. The ^PD7225 communicates with a 
host microprocessor through an 8-bit serial interface. It 
includes a 7-segment numeric and a 14-segment alpha- 
numeric segment decoder to reduce system software 
requirements. The ^PD7225 is manufactured with a low 
power consumption CMOS process allowing use of a 
single power supply between 2.7 V and 5.5 V. It is availa- 
ble in a space-saving 52-pin plastic flat package. 

Features 



Single chip LCD controller with direct LCD drive 
Low cost serial interface to most microprocessors 
Compatible with 

— 7-segment numeric LCD configurations 
up to 16 digits 

— 14-segment alphanumeric LCD configurations 
up to 8 characters 

Selectable LCD drive configuration: 

— Static, biplexed, triplexed, orquadruplexed 
32-segment drivers 

Cascadable for larger LCD applications 
Selectable LCD bias voltage configuration: 

— Static, 1/2 or 1/3 

Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface 

— Two 32 x 4-bit static RAMs for display data and 
blinking datastorage 

— Programmable segment decoding capability: 

- 16-character, 7-segment numeric decoder 

- 64-character, 14-segment USASCII 
alphanumeric decoder 

— Programmable segment blinking capability 

— Automatic synchronization of segment drivers 
with sequentially multiplexed backplane 
drivers 

Single power supply, variable from 2.7 V to 5.5 V 
Low power consumption CMOS technology 
Extended -40°Cto +85 °C temperature range 
available 



Pin Configuration 






S20CIE 
S2iOE 
S22CIE 

S23QE 

S24i~rr 

525 0E 

526 0E 

S27iTr 

S28DT 

S29nr 
S30OE 

S31 nr 
en or 



39 38 37 36 35 34 33 32 31 30 29 28 27 



O 



O 



9 10 11 12 13 



ZQs 7 

zns 6 

IDS5 
ZED S 4 

nns 3 
ZEDS 2 
nnsi 

ID So 
~rn COM3 
~m COM2 
~rn comt 
~nn como 

TT) NC 



IF 



a 9 i* 35 m 



o o o > 



IS 'S p 
P ° m 



Pin Identification 




No. 


Symbol 


Function 


1 


CL2 


System clock output 


2 


SYNC 


Synchronization port 


3-5 


v lCDr 
V LCD3 


LCD bias voltage supply inputs 


6 


vss 


Ground 


7,33 


V D D 


Power 


8 


SCK 


Serial clock input 


9 


SI 


Serial input 


10 


cs 


Chip select 


11 


BUSY 


Busy outpjt 


12 


C/TJ 


Command or data select input 


13 


RESET 


Reset input 


14 


NC 


No connection 


15-18 


COM0-COM3 


LCD backplane driver outputs 


19-32, 34-51 


S(T S 31 


LCD segment driver outputs 


52 


CL1 


System clock input 



E 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


/[/PD7225G-00 52-pin plastic miniflat 


1 MHz 
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Pin Functions 

COM0-COM3 

LCD backplane driver outputs. 

S0-S31 

LCD segment driver outputs. 

VLCD1-VLCD3 

LCD bias voltage supply inputs to the LCD voltage con- 
troller. Apply appropriate voltages from a voltage ladder 
connected across Vqd- 

SI 

Serial input from the microprocessor. 

SCK 

Serial clock input. Synchronizes 8-bit serial data trans- 
fer from the microprocessor to the /iPD7225. 



BUSY 



Handshake output indicates the ^PD7225 is ready to re- 
ceive the next data byte. 

C/D 

Command/data select input. Distinguishes serially in- 
put data byte as a command or as display data. 



CS 

Chip select input. Enables the nPD7225 for data input 
from the microprocessor. When CS is deselected, the 
display can be updated. 



SYNC 

Synch ronization port. For multichip operation, tie all 
SYNC lines together. 

CL1 

System clock input. Connect CL1 either to CL2 with a 
180 kQ resistor, or to an external clock source. 

CL2 

System clock output. Connect CL2 to CL1 with a 180 kQ 
resistor, or leave open. 



RESET 



Reset input. R/C circuit or pulse initializes the ^PD7225 
after power-up. 

Vdd 

Power supply positive. Apply single voltage ranging 
from 2.7 to 5.5 V for proper operation. 

v S s 

Ground. 
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Block Diagram 



VDD 
VLCDi 

VLCD2 

VLCD3 

VSS 

CL1 
CL2 



COM0-COM3 




Backplane Drivers 



2Z 



LCD 

Timing 

Controller 



Interface 
Controller 





LCD 
Voltage 
Controller 















Clock 
Oscillator 




* 



jr 



CS C/D BUSY 



Segment 
Decoder 




Segment Drivers 



Display Latch 



32 x 4 Bit 
Display RAM 



Butter 

77> 



Serial Interface 



( Data A 

X,— Pointer _/ 



32 x 4 Bit 
Blinking RAM 



Command 
Decoder 



E 
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Absolute Maximum Ratings 

T A = 25°C 



Power supply voltage, Vno 


-0.3Vto+7V 


Input voltage, V| 


-0.3VtoV DD +0.3V 


Output voltage, Vq 


-0.3VtoV DD +0.3V 


Operating temperature, Tqpt 


-10°Cto+70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T A = -10°Cto +70°C,V DD = +5V±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage 
low 


VlL 







0.3V DD 


V 




Input voltage 
high 


VlH 


0.7 V 0D 




Vdd 


V 




Output voltage 


V0L1 






0.5 


V 


BUSY, I OL =100mA 


low 


V 0L2 






1.0 


V 


I O l = 900mA, 
5TRC" 


Output voltage 
high 


% 


V D D 
-0.5 






V 


BUSY, SYNC, 
l OH =-10 M A 


Input leakage 
current low 


lUL 






-2 


M A 


V| L = 0V 


Input leakage 
current high 


■lih 






2 


ma 


V IH = V DD 


Output leakage 


'lol 






-2 


«A 


V 0L =0V 


current 


!lOH 






2 


mA 


V0H = V DD 


Output short 
circuit current 


'os 






-300 


^ 


SYNC,V OS = 1.0V 


Backplane 
driver output 
impedance 


R C0M 




5 


7 


kQ 


COM0-COM3, 

V DD> V LCD 
(Notel) 


Segment 
driver output 
impedance 


R SEG 




7 


14 


kQ 


S0-S31. 
Vdd> v lcd 
(Note 1) 


Supply current 


! DD 




100 


250 


^A 


CL1 external clock, 
f^, = 200kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 



DC Characteristics (cont) 

T A =-0°Cto +70°C,V DD =+2.7Vto5.5V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage 


V|L1 







0.3V DD 


V 


Except SCK 


low 


V|L2 







0.2V DD 


■ V 


SCK 


Input voltage 


V|H1 


0-7 V DD 




Vdd 


V 


Except SCK 


high 


V IH2 


0.8V DD 




Vdd 


V 


SCK 


Output voltage 


V0L1 






0.5 


V 


BUSY, l 0L =100^A 


low 


V 0L2 






0.5 


V 


IOL=400fiA, 
SYNC 


Output voltage 
high 


VOH 


Vdd 
-0.75 






V 


bDsy.sync, 

l H=-7/iA 


Input leakage 
current low 


lUL 






-2 


HA 


V| L =0V 


Input leakage 
current high 


■lih 






2 


ma 


V|H = Vdd 


Output leakage 


'lol 






-2 


^A 


Vol=OV 


current 


'loh 






2 


^A 


v 0H = v DD 


Output short 
circuit current 


■os 






-200 


^ 


SYNC,V OS = 0.5V 


Backplane 
driver output 
impedance 


R C0M 




6 




kQ 


C0M -C0M 3 , 

v DD>V|_cd 
(Notel) 


Segment 
driver output 
impedance 


R SEG 




12 




kS 


s _s 31. 

V DD>V LCD 
(Note 1) 


Supply current 


■do 




30 


100 


^ 


CL1 external clock, 
V DD =3.0V±10%, 
f<t,=140kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 



Capacitance 

T A = 25°C,f ( t, = 1MHz 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


Typ 


Max 


Conditions(l) 


Input 
capacitance 


C| 




10 


PF 




Output 


C 01 




20 


PF 


Except BUSY 


capacitance 


C 02 




15 


PF 


BUSY 


I/O 
capacitance 


C I0 




15 


PF 


SYNC 


Clock 
capacitance 


C^ 




30 


PF 


CL1 input 



Note: 

(1) All unmeasured pins returned to V. 
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AC Characteristics 

T A = - 10°C to +70°C, V DD = 


+5V± 


10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Clock frequency 


f * 


50 




200 


kHz 






fosc 


85 


130 


175 


kHz 


R = 180kS+5% 


Clock pulse 
width low 


tywl 


2 




16 


MS 


CL1, external clock 


Clock pulse 
width high • 


tyWH 


2 




16 


US 


CL1, external clock 


SCK cycle 


tCYK 


900 






ns 




SCK pulse width t«WL 
low 


400 






ns 




SCK pulse width t«wH 
high 


400 






ns 




BUSYttoSCIO 
hold time 


tBHK 









ns 




SI setup time to 
SCKt 


*ISK 


100 






ns 




SI hold time 
after SCK t 


t|HK 


200 






ns 




8th SCK t to 
BUSY i delay 
time 


'kdb 






.3 


M s 


C L =50pF 


CSItoBUSYi 
delay time 


tCDB 






1.5 


MS 


C L =50pF 


C / D setup time 
to 8th SCK t 


tDSK 


9 






MS 




C/E hold time 
after 8th SCK t 


^DHK 


1 






MS 




CS hold time 
after 8th SCKt 


*CHK 


1 






MS 




CS pulse width 
low 


tCWL 


8/ty 






MS 




CS pulse width 
high 


tcWH 


8/ty 






MS 







Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ Max 


Conditions 


Clock frequency 


f+ 


50 


140 


kHz 






f osc 


50 


100 140 


kHz 


R = 180kS+5%, 
V DD = 3.0V±10% 


Clock pulse 
width low 


ty»WL 


3 


16 


MS 


CL1, external clock 


Clock pulse 
width high 


tyWH 


3 


16 


MS 


CL1, external clock 


SCK cycle 


tCYK 


4 




MS 




SCK pulse width t«wL 
low 


1.8 




MS 




SCK pulse width 
high 


( KWH 


1.8 




MS 




BUSY t to SCK 1 t B HK 
hold time 







ns 




SI setup time to 
SCKt 


'ISK 


1 




MS 




SI hold time 
after SCK t 


l IHK 


1 




MS 




8th SCK t to 
BUSY I delay 
time 


l KDB 




5 


MS 


C L =50pF 


CSitoBUSY^ 
delay time 


l CDB 




5 


MS 


C L =50pF 


C /D"setup time 
to 8th SCK t 


l DSK 


18 




MS 




C/D hold time 
after 8th SCK t 


{ DHK 


1 




MS 




CS hold time 
after 8th SCK t 


*CHK 


1 




MS 




CS pulse width 
low 


<CWL 


8/ty 




MS 




CS pulse width 
high 


tcWH 


8/ty 




MS 




SYNC load 
capacitance 


c L 




50 


PF 


ff=200kHz 



AC Timing Characteristics 



E 









8M02799B 
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Timing Waveforms 

Clock 




Serial Interface 



1, 



_ — -\ / 

BUSY i / 



'CWL - 



-tBH K - 



-* «CY K - 



tKWL 
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Instruction Set (Note 1) 




Hex 
Code 






Operation Code 




Command Description 


D 7 


D 6 


D 5 D 4 D 3 D 2 D) 


Do 



Mode Set 



Initialize the ^PD7225, including selection ot: 

1) LCD drive configuration 

2) LCD bias voltage configuration 

3) LCD frame frequency 



40-5F 



d 4 d 3 d 2 di 



Unsynchronous Data Transfer 


Synchronize display RAM data transfer to display latch with CS 


30 








1 1 














Synchronous Data Transfer 


Synchronize display RAM data transfer to display latch with LCD 
drive cycle 


31 








1 1 











1 


Interrupt Data Transfer 


Interrupt display RAM data transfer to display latch 


38 








1 1 


1 











Load Data Pointer 


Load data pointer with 5 bits of immediate data 


EO-FF 


1 


1 


1 d 4 


d 3 


d 2 


di 


do 


Clear Display RAM 


Clear the display RAM and reset the data pointer 


20 








1 















Write Display RAM 


Write 4 bits of immediate data to the display RAM location 
addressed by the data pointer; increment data pointer 


DO-DF 


1 


1 





1 d 3 


d 2 


di 


do 


AND Display RAM 


Perform a logical AND between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location. Increment data pointer 


90-9F 


1 








1 d 3 


d 2 


di 


do 


OR Display RAM 


Perform a logical OR between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location; increment data pointer 


BO-BF 


1 





1 


1 d 3 


d 2 


di 


do 


Enable Segment Decoder 


Start use of the segment decoder 


15 











1 


1 





1 


Disable Segment Decoder 


Stop use of the segment decoder 


14 











1 


1 








Enable Display 


Turn on the LCD 


11 











1 








1 


Disable Display 


Turn off the LCD 


10 











1 











Clear Blinking RAM 


Clear the blinking RAM and reset the data pointer 


00 























Write Blinking RAM 


Write 4 bits of immediate data to the blinking RAM location 
addressed by the data pointer; increment data pointer 


CO-CF 


1 


1 





d 3 


d 2 


di 


do 


AND Blinking RAM 


Perform a logical AND between blinking RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


80-8F 


1 








o d 3 


d 2 


di 


do 


OR Blinking RAM 


Perform a logical OR between blinking RAM data addressed by the 
data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


AO-AF 


1 





1 


d 3 


d 2 


di 


do 


Enable Blinking 


Start segment blinking at the frequency specified by 1 bit of 
immediate data 


1A-1B 











1 1 





1 


do 


Disable Blinking 


Stop segment blinking 


18 











1 1 












E 



Note: 

(1) Details of operation and application examples can be found in the /jPD7225 Intelligent Alphanumeric LCD Controller/ Driver Technical Manual. 
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Operating Characteristics 

T A = 25 °C 



External Resistance vs Oscillation Frequency 



Supply Voltage vs Oscillation Frequency 





"'v. 


1 

CL2 CLi 






L -w 












Tlfl 









200 
External Resistance R (k£2) 



•2 100 

















R = 180k<2^ 




















CL2 CLi 






L-VsAr-l 




\ 






I 



4 5 

Supply Voltage Vdd (V) 



Supply Voltage vs Supply Current 




Supply Voltage Vdd (V) 
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7 -Segment Numeric Data Decoder Character Set 



Decoded Display RAM Data 



Iriplexed 



Quadruplexed 



Display 
Byte 
(HEX) 


Character 


n+2 


Display RAM Address 
n+1 


n 


Display RAM Address 
n+1 n 


00 


fl 


3 


5 


3 


D 7 


01 


fl 








3 


6 


02 


Q 

Oo 


2 


7 


1 


E 3 


03 


Q 

Oo 





7 


3 


A 7 


04 


O 


1 


2 


3 


3 6 


05 


a 


1 


7 


2 


B 5 .. 


06 


a 


3 


7 


2 


F 5 


07 


a 





1 


3 


7 


08 


a 


3 


7 


3 


F 7 


09 


Q 

Oo 


1 


7 


3 


B 7 


0A 


Oo 


3 


2 





2 


OB 


a 


3 


7 





F 1 


OC 


a 


3 


5 





D 1 


0D 


Oo 





6 





A 


0E 


g 

Oo 


2 


6 


2 


E 4 


OF 


q 















E 
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<? 14-Segment Alphanumeric Data Decoder Character Set 



Display Display RAM Display Display RAM Display Display RAM Display Display RAM 

Byte Address Byte Address Byte Address Byte Address 

(HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n 



AO 



AE 



AF 







BO 



CO 



A 







DO 



m 



:l.I 



2 



A1 






Invalid 




B1 


® 





6 








C1 


IB 
Mo 


2 


7 


6 


4 


D1 







7 


E 


8 


A2 






Invalid 




B2 


Mo 


2 


3 


C 


4 


C2 


Mo 


8 


7 


8 


5 


D2 




2 


3 


6 


C 


A3 






Invalid 




B3 


9 


2 


7 


8 


4 


C3 


t 





1 


E 





D3 


(KB. 


1 


5 


8 


4 


A4 






Invalid 




B4 


Si 
Ho 


2 


6 


2 


4 


C4 


t 


8 


7 


8 


1 


D4 


ID 


8 


1 





1 


A5 






Invalid 




B5 


M 


2 


5 


A 


4 


C5 


m 


2 


1 


E 


4 


D5 


II 

fflo 





6 


E 





A6 






Invalid 




B6 


w 
u 


2 


5 


E 


4 


C6 


.1. 


2 


1 


6 


4 


D6 


H 


4 





6 


2 


A7 


m 
a 








2 


B7 


HI 

on. 





7 








C7 


IB) 
kilo 





5 


E 


4 


D7 


Bo 


4 


6 


6 


8 


A8 


IM, 








A 


B8 


Mo 


2 


7 


E 


4 


C8 


lo 


2 


6 


6 


4 


D8 


* 


5 








A 


A9 


m. 


5 








B9 


Mo 


2 


7 


A 


4 


C9 


Hi 

Ho 


8 


1 


8 


1 


D9 


a 


9 








2 


AA 


Eft 


F 





F 


BA 






Invalid 




CA 


(Ho 





6 


C 





DA 


do 


4 


1 


8 


2 


AB 1 


| u 


A 





5 


BB 






Invalid 




CB 


lo 


2 





6 


A 


DB 






Invalid 




AC 






Invalid 




BC 


Mo 


4 





8 


2 


CC 










E 





DC 


5lo 


1 








8 


AD 


on 


2 





4 


BD 


\do 


2 





8 


4 


CD 


i 


1 


6 


6 


2 


DD 


® 
Mo 




Invalid 





Invalid 



2 



BE 



BF 



1 



CE SI 1 

Ho 



Invalid 



CF 







DE 



DF 



Invalid 



Invalid 



■o 
o 

10 
10 
01 



8 
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A/PD7227 

CMOS, INTELLIGENT, DOT-MATRIX 

LCD CONTROLLER/DRIVER 



Description 

The /^PD7227 intelligent dot-matrix LCD controller/ 
driver is a peripheral device designed to interface 
most microprocessors with a wide variety of dot 
matrix LCDs. It can directly drive any multiplexed LCD 
organized as 8 rows by 40 columns, and is easily cas- 
caded up to 16 rows and 280 columns. The yPU7227 
is equipped with several hardware logic blocks, such 
as an 8-bit serial interface, ASCII character generator, 
40 x 16 static RAM with full read/write capability, and 
an LCD timing controller; all of which reduce micro- 
processor system software requirements. The 
fiPD7227 is manufactured with a single 5 V CMOS pro- 
cess, and is available in a space-saving 64-pin plastic 
flat package. 

Features 

□ Single-chip LCD controller with direct LCD drive 

□ Compatible with most microprocessors 

□ Eight row drives 

— Designed for dot-matrix LCD configurations up 
to 280 dots 

— Designed for 5 x 7 dot-matrix character LCD con- 
figuration up to 8 characters 

— Cascadable to 16 row drives 

□ 40 column drives 

— Cascadable to 280 column drives 

□ Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface for communication 

— ASCII 5x7 dot-matrix character generator with 
64-character vocabulary 

— 40 x 16-bit static RAM for data storage, retrieval, 
and complete back-up memory capability. 

— Voltage controller generates LCD bias voltages 

— Timing controller synchronizes column drives 
with sequentially-multiplexed row drives 

□ Single +5 V power supply 

□ CMOS technology 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


/«PD7227G-12 64-pin plastic miniflat 


1000 kHz 



Pin Configuration 



o o o o 

rLOTLQ 

r ra tfi co tu 



r r~ t- O t- 



nnnnnnnnn 



64 63 62 61 60 59 58 57 56 55 54 53 52 



o 



NCC 1 

C17C 2 

Ci 8 C 3 

C19C 4 

C20 t 5 

C21 C 6 

C22C 7 

C23L 8 

C24C 9 

C25 C 10 
C26C 
C27C 
C 28 C 
C29C 
C30C 
C31C 
C32C 

C33 C 18 

C34 C 19 

. 20 21 22 23 

u uuu 



HPD7227 



24 25 26 27 28 29 30 31 32 

uuuuuuuuu 



-\ 

51 3 

50 3 

49 3 

48 3 

47 3 

46 3 

45 3 

44 3 

43 3 

42 3 

41 3 

40 3 

39 3 

38 3 

37 3 

36 3 

35 3 

34 3 

33 3 
J 



c 4 
C3 
C2 

C1 
Co 

R7/R15 
R6W14 
R5/R13 
R4/R12 
R3/R11 

R2/R10 
R1/R9 

Ro'Re 

V|_CD1 
VLCD2 
VLCD3 
VLCD4 
SYNC 
CS 



o o o o o > £ 



D X (- 3 ID !>■ IK 



S » <~ tn «3 > 

.£ o !H M <2 



2 uj 
o 0= 



Pin Identification 




No. 


Symbol 


Function 


1 


NC 


No connection 


2-24, 

47-57, 

59-64 


C0-C39 


LCD column driver outputs 


25 


v S s 


Ground 


26, 58 


Vdd 


Power 


27 


CLOCK 


System clock input 


28 


RESET 


Reset input 


29 


SI 


Serial input 


30 


C/D 


Command or data select input 


31 


SO/BUSY 


Serial output or busy output 


32 


SCK 


Serial clock input 


33 


CS 


Chip select input 


34 


SYNC 


Synchronization port 


35-38 


v LCDr v LCD4 


LCD bias voltage supply inputs 


39-46 


R /R 8 -R 7 /Rl5 


LCD row driver outputs 



E 
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Pin Functions 

C0-C39 

LCD column driver outputs. 

R0/8-R7/15 

LCD row driver outputs. 



C/D 

Command/data select input. Distinguishes serially in- 
put data byte as a command or as display data. 

CS 

Chip select input. Enables the /iPD7227 for com- 
munication with the microprocessor. 



Vl_CD1"VLCD4 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across VDD. 



SYNC 

Synchronization port. For multichip operation, tie all 
SYNC lines together and configure with the MODE 
SET command. 



SI 



Serial input from the microprocessor. 



SO/BUSY 

Serial output from the J/PD7227 to the micro proce ssor 
when in read mode and C/D is low. When BUSY (ac- 
tive low), handshake output indicates the j<jPD7227 is 
ready to receive/send the next data byte. 



SCK 



Serial clock input. Synchronizes 8-bit serial data 
transfer between the microprocessor and ptPD7227. 



Block Diagram 



CLOCK 

System clock input. Connect to external clock source. 

RESET 

Reset input. RC circuit or pulse initializes the ^PD7227 
after power-up. 

Vdd 

Power supply positive. Apply single voltage 5 V± 10% 
for proper operation. 

V S S 

Ground. 



Ro-R7 

OR 

Ra-Ri5 



J2t £L 



Column Driver 



Timing 
Controller 



32 



* 1U X ID i 

—A Static RAM /"; 

16 / (Organized as Two \ '• 

— / 40 x 8 Bit Banks) \ 



Vdd- 
Vlcdi - 

VLCD2 - 
VLCD3 - 
VLCD4 ■ 

v ss . 

RESET - 



Voltage 
Controller 



22 



Command 
Decoder 



ASCII 

5 x 7 Dot Matrix 

Character 

Generator 



22 



Clock 
Oscillator 



Interface 
Controller 



Serial 
Interface 



rr ttt 



SO/BUSY SCK SI 
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Absolute Maximum Ratings 

T A = 25°C 



Power supply, Vrjrj 


-0.3 V to +7.0 V 


All inputs and outputs with respect to Vrjc 


-0.3 V to V DD +0.3 V 


Storage temperature, Tstg 


-65°C to +150°C 


Operating temperature, Tqpt 


-10°Cto +70°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 



T A = 25°C, V DD = OV 










Limits 


Unit 


Test 


Parameter Symbol 


Min Max 


Conditions 



Input capacitance C| 



10 



PF 



Output capacitance Cq 



25 



PF 



Input/output 
capacitance 



Cio 



15 



SYNC 9 round - 



f<(> = 1 MHz 

Unmeasured pins 
returned to 



DC Characteristics 

T A = -10°Cto +70°C, V DD = +5.0V ± 10% 







Limits 


Test 


Parameter 


Symbol Min 


Typ 


Max Unit Conditions 


Input voltage, high 


V,h 0.7 V DD 


v DD v 


Input voltage, low 


V| L 




0.3 V DD V 


Input leakage 
current, high 


! LIH 




+ 10 mAV| H = v DD 


Input leakage 
current, low 


Ilil 




-10 M AV| H = 0V 



Output voltage, high Vqhi V u rj-0.5 



V SO/BUSY, 
Iqh = -400 [ik 



V H2 V DD -0.5 



V SYNC, 
Iqh = -100 M A 



Output voltage, low 



Vou 



0.45 V SO/BUSY, 

Iql = +1.7 mA 







0.45 V SYNC, 

Iol = +100 yJK 


Output leakage 
current, high 


'loh 


+10 hAVqh = V DD 


Output leakage 
current, low 


'lOL 


-10 ^AVql = ov 



LCD operating voltage V|_rjo 3.0 



VpjD V 8-row 

multiplexed 
LCD drive 
configuration 



Vdd 



V 16-row 
multiplexed 
LCD drive 
configuration 



Row drive 
output impedance 


Rrow 


4 


8 kfi 


Column drive 
output impedance 


r C0LUMN 


10 


15 ■ kO 


Supply current 


'dD 


200 


400 ^AfO = 400 KHz 



E 
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AC Characteristics 

T A = -10°CtO +70°C, V DD = +5.0V ± 10% 





Symbol 


Limits 




Test 


Parameter 


Min 


Max 


Unit Conditions 


Clock frequency 


f* 


100 


1000 


KHz 


Clock pulse 
width high 


fyWH 


400 




ns 


Clock pulse 
width low 


t+WL 


400 




ns 


SCK cycle 


tCYK 


0.9 




US 


SCK pulse 
width high 


tKWH 


400 




ns 


SCK pulse 
width low 


tKWL 


400 




ns 


SCK hold time 
after BUSYt 


l KHB 







ns 


SI setup time 
to SCKt 


*ISK 


100 




ns 


SI hold time 
after SCKt 


t|HK 


250 




ns 



SO dejayjime t DK 320 ns c L0AD = 

after SCKI 50 pF 

SO delayjime t oD 2 us 

after C/W 

SCK hold time t«HD 2 us 

after C/DI 

BUSY delay t BD K 3 us C LOA d = 

time after 8th 50 pF 

SCKt 

BUSY delay _ t BD D 2 us 

time after C/Dt 



BUSY delay 
time after CS4 


l BDC 




2 


us 




C/D setup time 
to 8th SCKt 


tnSK 


2 




us 




C/D hold time 
after 8th SCKt 


l DHK 


2 




us 




CS hold time 
after 8th SCKt 


'CHK 


2 




us 




CS pulse width 
high 


'CWH 


2/f<|> 




us 




CSt delay time 
to BUSY floating 


tfJDB 


2 




US 


Cload = 

50 pF 


SYNC load 
capacitance 


Cloads 




100 


PF 




BUSY low 
level width 


tWLB 


18 


64 


1/f+ 


Cload = 

50 pF 
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Timing Waveforms 

Clock Waveform 




Serial Interface 



X 



tOD D 

— V 



(as SO) 



(as BUSY) 



~\.c 



tBD C 



X 



m 



(SO) 
.(MSB) 



•KHb 



•tOD K 



-tCY K - 



*KWl 



-tcWH" 



-tCH K -» 



/ V 



X 



X 



tDH K ' 
-tDS K - 



*c::::::::::::»:::::::::::::x 



(SO) 
(USB) 



•bdd 



w 



K__X' 



-iCDB-* 



VX 



E 



tBD K 



-LliLj \ 2nd / \ 8th ^ 



•kwh ■ 
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Command Summary 



Command 



Instruction Code 



Binary 



Description 



D; 



Dfi 



D 2 



Do 



HEX 



Mode Set Initialize the yPD7227, 

including selection of 

1 . LCD drive configuration 

2. Row driver port function 

3. RAM bank 

4. SYNC port function 



D 2 



Do 



18-1F 



Frame 

Frequency 

Set 


Set LCD frame frequency 











1 





D 2 


Dl 


Do 


10-14 


Load Data 
Pointer 


Load data pointer with 7 bits 
of immediate data 


1 


D 6 


D 5 


D 4 


°3 


D 2 


Dl 


Do 


80-E7 



Write Mode Write display byte in serial 

register to RAM location ad- 
dressed by data pointer; 
modify data pointer 



1 1 1 Di D 



64-67 



Read Mode Load RAM contents address- 

ed by data pointer into serial 
register for output; modify 
data pointer 



1 1 Di D 



60-63 



AND Mode Perform a logical AND be- 

tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 



1 1 1 1 Di D 



6C-6F 



OR Mode 



Perform a logical OR be- 
tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 



1 1 1 D-i D 



68-6B 



Character Mode 



Decode display byte in serial 
register into 5x7 character 
with character generator; 
write character to RAM loca- 
tion addressed by data 
pointer; increment data 
pointer by 5 



1110 10 



72 



Set Bit 


Set single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 





1 





D 4 


D 3 


D 2 


Dl 


Do 


40-5F 


Reset Bit 


Reset single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 








1 


D 4 


D 3 


D 2 


Dl 


Do 


20-3F 


Enable Display 


Turn on the LCD 














1 








1 


09 


Disable Display 


Turn off the ICD 














1 











08 



Further details of operation can be found in the ^PD7227 intelligent dot-matrix LCD controller/driver technical manual. 
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5x7 Character Set as Generated in pPD7227 





Display Byte 




Display Byte 




K 












1 


1 


|dT 












1 


1 








1 


1 












1 


1 








I 





1 





1 


j 





1 





1 


D 6 


D 5 |D 4 


D 3 


D 2 


Di D 










D 6 


D 5 |D 4 


D 3 


D 2 


Di 


Do 















Pllll 


[III: 


mil 


lllll 




10 


r 


;•;:! 


:•••: 


-Illl 


1 


|!l! 


lllll 


Illl! 


lllll 


10 1 


lllll 


"Ill 


lllll 


Hill 


10 


• '• 


mil 


• •••o 


\ni: 


10 10 


-Illl 


:: 


lllll 


lll.l 


11 


illl; 


I!!!! 






10 11 


\M 


i::ii 


!•:' 


:':"': 


10 


.*:** 


mil 


I!!!! 


IIP 


1 1 


lllll 


Hill 


r II li 


lllll 


10 1 


III!! 


Illl: 


Illl: 


;;;;; 


110 1 


mil 


lllll 


lllll 


||j| 


110 


III": 


::!!: 


lllll 




1110 


mil 


Hill 


lllll 


Illl! 


111 


ooooo 


Ipi! 


Hill 


;j;j; 


1111 


nip 


lllll 


lllll 


I!!!! 
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//PD7228 

CMOS, INTELLIGENT, DOT-MATRIX 

LCD CONTROLLER/DRIVER 



Description 

The ^PD7228 intelligent dot-matrix LCD controller/ 
driver is a peripheral device designed to interface most 
microprocessors with a wide variety of dot-matrix LCDs. 
It can directly drive any multiplexed LCD organized as 8 
rows by 50 columns or 16 rows by 42 columns. The 
^PD7228 has a standby function to conserve power. It is 
equipped with several logic blocks, such as an 8-bit se- 
rial interface, a 4-bit parallel interface, an ASCII upper/ 
lower case, a Kana character generator, a 50 x 16 static 
RAM with full read/write capability, and an LCD timing 
controller, all of which reduce microprocessor system 
software requirements. 

The //PD7228 is manufactured with a single 5 V CMOS 
process, and is available in an 80-pin space saving 
miniflat plastic package. 

Features 



□ 



LCD direct drive 

8- or 16-line multiplexing drive possible with single- 
chip 

- 8-line multiplexing: 400 (50 x 8) dots 

- 16-line multiplexing: 672 (42 x 16) dots 
8-line or 16-line multiplexing drive with /7 chip 
configuration 

- 8-line multiplexing: n x 400 (n x 50 x 8) dots 
-16-line multiplexing: n x 800 (n x 50 x 16) dots 
RAM: 2 x 50 x 8 bits for display data storage 
Programmer designated dot (graphics) display 
5x7 dot-matrix display by on-chip character gener- 
ator ASCII characters (alphanumerics, others): 64 
characters; J IS characters (Kana and others): 96 
characters 

Cursor operating command 

8-bit serial interface compatible with /LtPD7500, 

j*COM-43N, /<COM-87/87LC 

4-bit parallel interface compatible with /nPD7500, 

^COM-84/84C 

Standby function 

CMOS technology 

Single +5 V power supply 

Extended -40°Cto +85°C temperature range 

available 



Ordering Information 




Part 
Number 


Package Type 


//PD7228G-12 


80-pin plastic miniflat 



Pin Configuration 



oooooooooooooooo 



cmC 1 

C39 C 2 

C40 £ 3 

C41C 4 

C42'R« C 5 

C43/R14 E 6 

C44/R13 C 7 

C45'R« C 8 

C46/R11 n 9 

C47'R« C 10 

C48/R9 C 11 

C49'R8 C 12 

R15/R7 Z 13 

R14/R6 C M 

R13/R5 C 15 

R12'R4C 16 

R11/R3 C 17 

R10'R2 C 18 
R9/R1 C 19 

Ra/Ro C 20 

VLC5 C 21 

VLClC 22 

NCC 23 

Vlc4C : 



n n n n n n,n 

80 79 78 77 76 75 74 



n n n n 



73 72 71 70 



n n n n n 

69 68 67 66 65 



o 



25 26 27 28 29 30 31 

u u u u u u u 



32 33 

TJTT 



34 35 

my 



5 55 ito (u O 

> § | | 2 



36 37 38 39 40 

U U U U U 



DC21 
DC20 
DC19 
DC18 

3C17 
DC16 
DC15 

3C14 
DC13 
DC12 
DC11 
DC10 

Dc 9 

IKe 

jc r 
3c 6 

DCs 

DC 4 
3c 3 
3c 2 

3d 

Deo 
3 nc 

3 CLOCK 
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Pin Identification 



No. 


Symbol 


Function 


1-4, 43-80 


Co-C 41 


LCD column drive outputs 


5-12 


C42/R15- 
C49/R8 


LCD row / column drive outputs 


13-20 


R0/R8-R7/R15 


LCD row drive outputs 


21, 22, 24-26 


V LC1" V LC5 


LCD power supply 


23,42 


NC 


No connection 


27 


Do/si 


Data bus 0/ serial input 


28 


Di(P/S) 


Data bus 1 (parallel / serial select) 


29 


D 2 (CAE) 


Data bus 2 (chip address enable) 


30 


D3/SO 


Data bus 3 /serial output 


31 


SYNC 


Synchronization signal input /output 


32 


BUSY 


Busy signal output 


33 


Vdd 


Power supply 


34 


Vss 


Ground 


35 


STB/SCK 


Strobe /serial clock input 


36 


C/D 


Command / data select input 


37,38 


CA , CA-i 


Chip address select inputs 


39 


CS 


Chip select input 


40 


RESET 


Reset signal input 


41 


CLOCK 


System clock input 



Pin Functions 

Do- D3 (Data Bus) 

In parallel interface mode, D0-D3 are input/output pins 
for 4-bit parallel data. Data on these lines is re ad at the 
rising edge of STB. The four bits read on the first STB are 
loaded into the highest four bits of the serial/parallel 
register. The four bits read on the second STB are 
loaded into the lowest four bits of the register. 

The contents of the serial/parallel register are output to 
these pins on the falling edge of STB. As in the above 
case , the high-order four bits correspond to_the first 
STB, and the low-order four bits to the second STB. 

In serial interface mode, Do is a serial data input pin and 
D3 is a serial data output pin. D1 selects serial or parallel 
interface mode (P/S), and D2 is the chip address enable 
pin (CAE). 

SI Serial Data-in (Input Common to Do) 

In serial interface mode, SI inputs serial data. Data on SI 
is loaded into the serial/parallel register at the rising 
edge of SCK. The first data loaded is the most 
significant bit. To eliminate noise errors, SI uses the 
Schmitt-trigger input. 



SO Serial Data-Out (Output Common to D3) 

In serial interface mode, SO is an output pin for serial 
data. The contents of the serial / parallel register are out- 
put to the SO pin, beginn ing w ith the most significant 
bit, on the falling edge of SCK. 

P/S Parallel /Serial Select (Input Common to D1) 

This pin sets parallel interface mode if it is high at the 
falling edge of RESET (at reset release). If it is low at the 
falling edge of RESET, it selects serial interface mode. 
The Schmitt-trigger prevents noise errors. 

CAE Chip Address Enable (Input Common to D2) 

This pin is only used during serial interface mode, that 
is, when P/S is low at the falling edge of RESET. To en- 
able chip addressing, the CAE line must be high at the 
falling edge of RESET. In parallel interface mode (when 
P/S is high at the falling edge of RESET), the chip ad- 
dressing function is enabled regardless of the logic 
state of CAE at the falling edge of RESET. The Schmitt- 
trigger input prevents noise errors. 

CA0-CA-1 (Chip Address) 

These input pins allow you to address the f/PD7228 in a 
multi-chip configuration used for driving logic displays. 
During parallel interface mode, CArj and CA-i are com- 
pared to chip address data sent from the CPU regard- 
less of CAE status during a reset. 

However, during serial interface mode, CAo and CA1 are 
compared with chip address data from the CPU only 
when CAE enables chip addressing. 

In multi-chip configurations, the device is selected if 
CS = and CAo and CA1 match the chip address gener- 
ated by the CPU. This address is the low two bits of the 
first 8-bit data input after CS = 0. 

In serial interface mode, if chip address selection is not 
used, connect CAo and CA 1 t0 ground. 

CS (Chip Select) 

CS is an active-low chip select input pin. When you are 
not u sing the chip address selection function, the STB/ 
SCK and C/D inputs are enabled if a low input is sent to 
CS. 

When you are using the chip address select function, if 
CS is brought l ow a nd th e chip address data matches 
CAo-CA-i, then STB/SCK and C/D are enabled. 

When CS is made high, D3-D0 and BUSY are placed in a 
high impedance state. The Schmitt-trigger input pre- 
vents noise errors. 
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STB/SCK (Strobe/Serial Clock) 

In p arall el interface mode, this is the strobe signal input 
pin (STB) for 4-bit parallel input and output data. In seria l 
interface mode, this is the serial clock input pin (SCK) 
for serial input and output data. 

C/D (Command/ Data) 

This pin specifies whether the parallel or serial input is a 
command or data. Bring C/D high to input a command, 
and low to input data. 

In parallel interface mode, the content s of C/D are 
latched at the rising edge of the second STB. Perform 
any chan ges t o the C/D input before the falling edge of 
the first STB. When outputting data, hold C/D low, 
whether serial or parallel. 

In serial interface mode, the conte nts o f C/D are 
latched at the rising edge of the eighth SCK. 

The Schmitt-trigger input prevents noise errors. 



BUSY (Busy) 

This pin outputs a busy signal to the CPU to warn that 
the ^PD7228 is internally busy. When this signal is low, 
the CPU cannot read /write the /iPD7228. 



In the parallel interface mode, BUSY is forced low at the 
rising edge o f the second STB. In the serial interface 
mode, BUS Y is forced low at the rising edge of the 
eighth SCK. 

Figure 1. SYNC Signal in 8-line Multiplexing 



If a chip is deselected (CS = high or chip address data 
does not match), the busy output is placed in the high 
impedance state. 

SYNC (Synchronous) 

In a multichip configuration, the SYNC signal synchro- 
nizes the phases of the LCD drive AC signals (row/ 
column signals) among all the mPD7228's within the 
frame period. It uses the row drive signal as a common 
signal. 

If one chip is designated master, its SYNC pin is in out- 
put mode and the remaining chips are made slaves. 
Their SYNC pins are put in input mode. The SMM com- 
mand selects input or output mode. The master chip 
outputs a SYNC pulse in the last cycle of each frame. 
The slave chip reads the SYNC pulse from its own SYNC 
input for synchronization with the master chip. 

In a single chip configuration, set the SYNC pin in the 
input or output mode. If you choose input mode, con- 
nect the SYNC pin to Vss; conversely, if you choose out- 
put mode, the SYNC pin must be open. 

Figures 1 and 2 show the output timing for the SYNC 
pulse in 8- and 16-line multiplexing. 
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Figure 2. SYNC Signal in 16-line Multiplexing 




C0-C41 (Columns) 

These pins output the column drive signal for the LCD. 

R8/C49-R15/C42 (Row/Column) 

These pins are row drive outputs (R8-R15) or column 
drive outputs (C49-C42), depending on the SMM com- 
mand. 

Ro/R8-R7/Ri5(Rows) 

These pins are row drive outputs for rows R0-R7 or rows 
R8 - Rl5. depending on the SMM command. 

V|_C1- V LC5 (LCD Drive Voltage Supply) 

These are reference voltage input pins for determining 
the voltage level of the LCD row/column drive signals. 

CLOCK (Clock) 

This is the external clock input pin. 



RESET (Reset) 

This is the active-high reset signal input pin. It has prior- 
ity over all operations. You can also use it to release 
standby mode and begin low power data retention. 

Vqd (Power Supply) 

This is a positive power supply pin. 

Vss (Ground) 

This is ground (GND). 

Commands for ^PD7228 

The /nPD7228 is provided with sixteen types of com- 
mands, each command consisting of one byte (8 bits). 

Figure 3 shows the character codes and display 
patterns. 
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Figure 3. 


Character Codes and Display Patterns 
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Block Diagram 



R-S- 
R-NS- 



VDD 

VLC1C 
V L C2< 
VLC3< 
V L C4< 
VlC5< 

VSS< 
Sync< 



t; 



Ro/Ra-R7'Ris 



R15'C42-R8/C49 



& £h 



C0-C41 



<;> <.> <,> ^ 



zs 



■ c-s 

-C-NS 



LCD 
Voltage 
Control 



R-S 
R-NS 
C-S 
•C-NS 



Stop 



Clock 
Buffer 



System 
Clock 
Control 



L-N 
rV 



Data Memory 

BankO 
(50x8 Bits) 



Data Memory 

Bankl 
(50x8 Bits) 



Character 

Generator 

(160 x 5 x 7 Bits) 



i> 



E 



Serial/Parallel Interface 



it i i i i i i i i i 



Absolute Maximum Ratings 

T A = 25°C 




Supply voltage, V Du 


-0.3Vto+7V 


Input voltage, V| 


-0.3VtoV DD +0.3V 


Output voltage, Vq 


-0.3VtoV DD +0.3V 


Operating temperature, Topj 


-10°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Capacitance 

T A = 25°C;V DD = 0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input 
capacitance 


C| 






10 


PF 


(Note 1) 


Output 
capacitance 


Co 






25 


PF 


(Note 1) 


I/O capacitance C|q 






15 


PF 


(Note 1) 



Note: 

(1) f = 1 MHz. Return unmeasured pins to V. 
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DC Characteristics 

T A = -10°Cto +70°C,V DD = +5V±10% 



Common Operation (cont) 





Limits 


Unit 


Test 


Parameter 


Symbol Mln Typ Max 


Conditions 


Input voltage 


V,hi 0.7 V DD V DD 


V 


Except SCK 


high 


V| H2 0.8 V DD V 0D 


V 


SCK 


Input voltage 
low 


V| L 0.3 V DD 


V 





Outputvoltage Vqhi Vnn-0.5 
high 



V BUSY, D -D 3 , 
I O h=-400mA 





VfJH2 


Vdd- 


0.5 




V 


SYNC, 
l H=-100M 


Output voltage 
low 


Von 






0.45 


V 


BUSY, D -D 3 , 
IOL=1-7mA 




VrjL2 






0.45 


V 


SYNC, l L=100^A 


Input leakage 
current high 


Ilih 






10 


fA 


V| = V DD 


Input leakage 
current low 


Ilil 






-10 


M 


V, = 0V 


Output leakage 
current high 


■loh 






10 


ma 


v =v DD 


Output leakage 
current low 


'lol 






-10 


mA 


V| = 0V 


LCD operating 
voltage 


V LCD 


3.0 




Vdd 


V 




Row output 
impedance 


Rrow 




4 


8 


kQ 




Row /column 

output 

impedance 


Rrow/ 

COL 




5 


10 


kQ 




Column output 
impedance 


Rcol 




10 


15 


kS 





Supply current Inni 



200 400 



lA Operating mode 
f c =400kHz 



"DD2 



20 



/iA Stop mode 
CLK=0V 



AC Characteristics 

T A = -10°Cto +70°C,V DD = +5V±10% 

Common Operation 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Clock frequency fc 


100 




1100 


kHz 




Clock pulse 
width high 


%HC 


350 






ns 




Clock pulse 
width low 


tWLC 


350 






ns 




RESET pulse 
width high 


*HRS 


4 






MS 









Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


BUSY delay time tocsB 
from CS I 






2 


MS 


C L = 50pF 


CS t delay time tocsBF 
to BUSY floating 






4 


us 


C L = 50pF 


CS high level t W HCS 
time 


4 






MS 




SYNC load C L sy 
capacitance 






100 


PF 




Data set-up time tsoR 
to RESET i 









MS 




Data hold time tnRD 
from RESET I 


4 






MS 




Serial Interface Operation 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


SCK cycle trjYK 


0.9 






MS 




SCK pulse width t W HK 
high 


400 






ns 




SCK pulse width t W |_K 
low 


400 






ns 




SCK hold time t H BK 
from BUSY t 









ns 




SI set-up time to tsiK 
SCKt 


100 






ns 




SI hold time tm<i 
from SCK t 


250 






ns 




SO delay time trj«o 
from SCK I 






320 


ns 


C L =50pF 


BUSY delay time toKB 
from eighth 
SCKt 






3 


MS 


C L = 50pF 


BUSY low-level t WLB 
time 


18 




64 


1/f C 


C L = 50pF 


C /D set-up time tsoK 

to first SCK I 









MS 




C/D hold time tw<D 
from eighth 
SCKt 


2 






MS 




CS hold time tm<cs 
from eighth 
SCK t 


2 






MS 
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AC Characteristics (cont) 

T A = -10°Cto +70°C,V DD = +5V±10% 

Parallel Interface Operation 







Limits 




Unit 


Test 


Parameter Symbol 


Min 


TVP 


Max 


Conditions 


Input command tA 
set-up time to 
STB * 


100 






ns 


C L =80pF 


Input command te 
hold time from 
STB I 


90 






ns 


C L =20pF 


Input data set; tc 
up time to STB t 


230 






ns 


C L =80pF 


Input data hold t u 
time from STB t 


50 






ns 


C L =20pF 


Output data tAcc 
delay time 


90 




650 


ns 


C L = 80pF 


Output data hold ty 
time 







150 


ns 


C L =20pF 


STB pulse width tgL 
low 


700 






ns 




STB high level tsH 
time 


1 






MS 




STB hold time Ihbs 
from BUSY t 









MS 





Timing Waveforms 

Serial Interface 



Parallel Interface Operation (cont) 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


BUSY delay time t DS B 
from second 
STBt 






3 


MS 


C/D set-up time tsrjs 
to first STB 1 









MS 


C/D hold time 
froms econd 
STBt 


l HSD 


2 






MS 


CS hold time 
from second 
STBt 


tHSCS 


2 






MS 


AC Timing Test Points 








Vdd -~^ Test 
Vdd'*"'"^ Points 


< 


0.7V D d\/ 
0.3VddA 






83402909A 




- tDCSB 



X 



- — tSDK 



o 




•-tsiK-H r~*\ r — H — ,WLK 

\ MSB *„. ^ X lsb > 

—►I •*— tDKO 

-tzzxz:: 
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Timing Waveforms (cont) 

Interface 



Parallel Interface 



Clock Waveform 





h— tDCSB 



X 



tHSCS 



o 



V 



tACC 



X 



V 



^r 




>-J c \ ™ / 

*«cH I* — <SL — ►! 



XControl J 3 L Input 3 / 
Input fl pk j \ 



C Output J / 



Reset Signal 



U tHRS -\ 
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Command Summary 



Command Summary 



1. Set frame frequency 

2. Set multiplexing mode 

3. Display off 

4. Display on 

5. Set read mode 

6. Set write mode 

7. Set AND mode 

8. Set OR mode 



9. Set character mode with 
right entry 

10. *Set character mode with 
left entry 



11. Bit set 



12. Bit reset 



13. 'Write cursor 



14. *Clear cursor 



15. Load immediate to data 
pointer 

16. *Set stop mode 












1 





F2 


F1 


FO 













1 


1 


M2 


M1 


MO 
















1 

























1 








1 







1 


1 











11 


10 







1 


1 








1 


11 


10 







1 


1 





1 


1 


11 


10 







1 


1 





1 





11 


10 







1 


1 


1 








1 










1 


1 


1 











1 







1 





B2 


B1 


BO 


J1 


JO 










1 


B2 


B1 


BO 


J1 


JO 







1 


1 


1 


1 


1 





1 







1 


1 


1 


1 


1 










1 


D6 


D5 


D4 


D3 


D2 


D1 


DO 

























1 





i Operation 






Instruction Code 














Binary 






Mnemonli 


D 7 D 6 D s D 4 D 3 D 2 Di D HEX 


SFF 


Set frame frequency 











1 D 2 


Di 


D 10-14 


SMM 


Set multiplexing mode 











1 1 D 2 


01 


D 18-1F 


DISPOFF 


Display off 

















08 


DISPON 


Display on 











1 





1 09 


LDPI 


Load data pointer with 
immediate 


1 


De D 5 


D 4 D 3 D 2 


Di 


D 80-B1, 
C0-F1 


SRM 


Set read mode 





1 


1 





Di 


D 60-63 


SWM 


Set write mode 





1 


1 


1 


Di 


D 64-67 


SORM 


Set OR mode 





1 


1 


1 


Di 


D 68-6B 


SANDM 


Set AND mode 





1 


1 


11 


Di 


D 6C-6F 


SCML 


Set character mode with 
left entry 





1 


1 


1 





1 71 


SCMR 


Set character mode with 
right entry 





1 


1 


1 


1 


72 


BSET 


Bit set 





1 





D 4 D 3 D 2 


Di 


D 40-5F 


BRESET 


Bit reset 








1 


D 4 D 3 D 2 


Di 


D 20-3F 


WRCURS 


Write cursor 





1 


1 


1 1 1 





1 7D 


CLCURS 


Clear cursor 





1 


1 


1 1 1 





7C 


STOP 


Set stop mode 

















1 01 



Note: 

* Newly added (compared to ^iPD7227). 
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//PD72030 

CMOS, INTELLIGENT 

LCD CONTROLLER 



Description 

The /^PD72030 intelligent LCD controller manipulates 
dot-matrix characters and graphics by host CPU com- 
mands that are provided through an 8085-compatible 
bus interface. This frees the host to perform other 
tasks, and so increases overall system efficiency. The 
/iPD72030 utilizes an 8-bit parallel bus that connects, 
without an additional interface, to such general- 
purpose microcomputers as the juPD8085AH or 
^PD8086. This bus permits high-speed data transfer 
to the LCD driver. A font character generator of up to 
16 x 16 dots can be externally attached, permitting 
the generation of Kanji (Sino-Japanese) and other 
characters. A 5 x 7 dot character generator for 
alphanumeric characters and symbols totalling 64 
characters is internally supported. 

Features 

□ Display duty: 1/32 to 1/128 

□ Display control 

— Cursor manipulation 

— Vertical and horizontal movement 

— Direct addressing 

— Shift to home position 

— Editing 

— Scrolling 

— Attribute functions 

— Reverse display 

— Underline 

— Blinking display 

□ Directly connectable to LCD driver 
M PD6307/6308 

□ CMOS technology 

□ Single +5 V power supply 



Pin Configuration 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


/;PD72030G-12 64-pin plastic miniflat 


6 MHz 



8 I* 5555 >° 555555 




SRHRSFIRHR3RRR 




nc CLE 


14 " 64 


zn la 8 


spit QE 


15 63 


ZEJ LA 7 


DRAM Cm 


16 62 


zn la 6 


ckout cm 


17 61 


za la 5 


EOT QE 


18 60 


TT~1 LA 4 


DREQ Cm 


19 59 


ZU3 LA 3 


Back DE 


20 58 


zn LA 2 


te cm 


21 57 


zn la! 


d cm 


22 56 


zn laq 


Di OE 


23 |iPD72030 55 


zn ld 7 


D 2 OE 


24 54 


zn ld 6 


D 3 LIE 


25 53 


zn ld 5 


d 4 OE 


26 52 


zn ld 4 


d 5 cm 


27 51 


zn ld 3 


d 6 cm 


28 50 


3D LD 2 


Dy CD= 


29 49 


rrn ld-i 


WR OE 


30 48 


ZED LD 


rd cm 


31 47 


Zn MEMR 


cs cm 


32 46 


Zn MEMW 




HIJiJIiiJtJHHtJlJHtiH 




3 fete H 5 J? J P *l&|£|ili 

uj co > > co £ |c |co 5 |5 
Ice 


49-000979A 
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Pin Identification 



No. 


Symbol 


Function 


1-6,8-11, 
56-64 


LA -LA 18 


Local address bus output 


7,39 


Vdd 


Power supply input 


12 


INT 


Interrupt request output 


13 


CGEN 


Character generator enable output 


14 


NC 


No connection 


15 


SPLT 


Split screen select output 


16 


DRAM 


DRAM reset enable output 


17 


CKOUT 


Clock output 


18 


EOT 


End of transfer output 


1 9 


DREQ 


DMA request output 


20 


DACK 


DMA acknowledge input 


21 


tc 


Terminal count input 


22-29 


D -D 7 


Data bus I/O 


30 


WR 


Write strobe input 


31 


RD 


Read strobe input 


32 


CS 


Chip select input 


33 


A0 


Address 0; command and signal 
input for data bus function 


34 


TEST 


Sets test mode input 


35 


RESET 


Reset input 


36,37 


X2,X1 


Clock pins 


38 


Vss 


Ground 


40 


STB 


Strobe output 


41 


FRM 


Frame; AC converted signal output 
that drives the LCD 


42 


RST 


LCD driver reset output 


43 


SBY 


LCD standby mode output 


44,45 


I0W2J0W1 


LCD driver write strobe output 


46 


MEMW 


Local memory write output 


47 


MEMR 


Local memory read output 


48-55 


LD0-LD7 


Data bus input to local memory 



Pin Functions 

Data Bus [D -D 7 ] 

This I/O data bus interfaces with the host CPU. Writing 
of commands, parameters, and data, or reading of 
status and data are performed through this bus. 

Address [AO] 

When input AO is low, the data bus contains data or 
a parameter. When AO is high, the data bus contains 
a command or status. AO connects to the host CPU 
address bus. 

Chip Select [CS] 

A low input to this pin enables_the host CPU to read 
from or write to the data bus. CS connects to the host 
CPU address decode signal. 

Read Strobe [RD] 

A low input to this pin while CS is active enables the 
HPD72030 to send status or data to the data bus. RD 
connects to the host CPU read strobe. 

Write Strobe [WR] 

A low input to this pin while CS is active enables the 
HPD72030 to receive a command or parameter. WR 
connects to the host CPU write strobe. 

DMA Request [DREQ] 

This pin outputs a DMA service request for data block 
transfer. When a data block transfer is required 
between host CPU memory and ^PD72030 local 
memory, if the transfer is possible, DREQ will be set 
high to request DMA service. DREQ connects to the 
service request input of the DMA controller. If the 
block transfer function is not used, this pin should 
be left open. 



DMA Acknowledge [DACK] 

A low input to this pin acknowledges a DMA s ervice 
request and internally sets CS and AO low. DACK 
connects to the service acknowledge output of the 
DMA controller. If the block transfer function is not 
used, this pin should be pulled high. 

Terminal Count [TC] 

A low input to this_pin indicates data block transfer 
has terminated. TC connects to the DMA transfer 
termination output of the DMA controller. If the block 
transfer function is not used, TC should be pulled 
high. 
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Local Data Bus [LD0-LD7] 

This data bus input provides communication between 
the /uPD72030 and local memory, which consists of 
display memory and the character generator. 

Local Address Bus [LAo-LAis] 

This address bus output accesses local memory. 
LA0-LA15 address display memory. LA-16-LA18 address 
the external character generator. 

Character Generator Enable [CGEN] 

This output enables the external character generator. 
When CGEN is high, the character address and scan 
address are output on LA -LAi8- When CGEN = 0, the 
address to display memory is output on LAo-LA 15 ; 
LA16-LA18 become don't care. When the external 
generator is not used, CGEN should be left open. 

Split Screen Select [SPLT] 

When the partitioned matrix display is used, this out- 
put pin selects which of two refresh memories will be 
available for access. When SPLT is low, refresh 
memory for the upper portion of the screen is ac- 
cessed. When SPLT is high, refresh memory for the 
low portion of the screen is accessed. 

DRAM Reset Enable [DRAM] 

When dynamic RAM (DRAM) is connected to local 
memory, t he log ical AND of this outpu t sig nal and the 
^PD72030 RST signal is input to the RST pin of the 
column driver. This prevents a loss of display memory 
contents while the display is off, without refreshing 
DRAM. 



Local Memory Read [MEMR] 

This is the read strobe output to local memory. When 
MEMR goes low, the jl<P D72 030 re ads the contents of 
local memory. If IOW1 and IOW2 are also low level, 
the contents of display memory are directly written 
to the LCD driver. 



Local Memory Write [MEMW] 

This is t he write strobe output to local memory. When 
MEMW goes low, data is written to local memory. 



LCD Driver Write Strobe [IOW1, IOW2] 

These are the dat a write strobe outpu ts to the column 
driver. For each MEMR pulse, IOW1 gen erates one 
pulse and IOW2 generates two pulses. IOW1 and 
IOW2 are selected according to how the column driver 
is used. 



Strobe [STB] 

This is the row driver strobe. One STB pulse output 
at the timing interval causes the display of one row. 
The number of STB outputs during each frame inter- 
val determines the display duty. 

Frame [FRM] 

This output is an AC-converted signal that drives the 
LCD. A high-level output displays a positive frame (one 
screenful) and a low-level output displays a negative 
frame. 

End of Transfer [EOT] 

When low, this outp ut ind icates one row of display 
data has transferred. EOT is a clear signal for the CS 
signal generator counter of the row driver. 

LCD Driver Reset [RST] 

This output goes low whe n th e LCD driver is being 
reset. For normal display, RST is high level. 

LCD Standby [SBY] 

This output goes low when the LCD display stops and 
the LCD dri ver enters standby mode. For normal 
display, set SBY high level. 

Clock Out [CKOUT] 

This pin outputs a clock whose frequency is 1/15 that 
of the original oscillator. 

XTAL1, XTAL2 [XI, X2] 

These pins are used to connect an external crystal. 
Because the jiPD72030 has a built-in high-gain 
amplifier, a functional clock can be generated by con- 
necting a crystal or ceramic resonator and two 
capacitors to X1 and X2. 

When an external clock is used, X1 inputs the clock 
and X2 is left open. 




Reset [RESET] 

A low-level input to this pin initializes the ^PD72030. 

Interrupt Request [INT] 

This pin outputs an interrupt service request to the 
host CPU. If INT = 1, a command is being processed. 
If INT = 0, a command process is complete and the 
/iPD72030 is ready to request a new command from 
the host CPU. 
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Test [TEST] 

A high-level input to this pin sets the nPD72030 to test 
mode. For normal use, the input to the TEST pin should 
be fixed low by connecting TEST directly to Vss- 

Vss 

Ground. 

Vdd 

Positive power supply. 

Block Diagram 



INT- 
A0- 
CS- 
RD - 
WR- 



°- D7 



DREQ - 

DACK- 

TC- 



RESET - 

TEST- 

RST - 

SBY- 

DRAM- 





Host CPU 
Interface 






Status 
Register 






Data 
FIFO 




Command 
Buffer 









A£ 







Command 

Decoder 

and System 

Controller 







Character 
Generator 











3 





»-SPLT 




: *■ CGEN 


Local Memory 


\lA0-LA18 


Access 


' 


Controller 


AA 




VD0-LD7 




N V 

*-MEMR 




»-MEMW 




— »-iowT 


LCD Timing 
Generator 


*-IOW2 

»-EOT 

*-STB 




»-FRM 




»-CKOUT 


Clock 




Generator 


■* X1 




»-X2 



Power Supply 



Functional Description 

An LCD display system can be configured by connect- 
ing a row and column driver (a j*PD6307 and ^PD6308) 
and a general-purpose RAM as display memory to the 
jhPD72030. An external character generator may be 
connected. 

The >PD72030 performs both the display and com- 
mand process. In the display process, the ^PD72030 
drives an LCD panel by sending display memory data 
to the column driver, and timing signals to the row 
and column drivers. At fixed intervals generated by 
the ^PD72030, the display memory contents are 
transferred directly to the column driver via the local 
bus. When two or more column drivers are connected 
to the system, the row driver CS signal determines the 
column driver to which the data is to be written. After 
display data is stored in each column driver, the STB 
signal is output. One line of display data is then out- 
put to the LCD panel. The row signals are scanned, 
and the above sequence is repeated to drive the LCD 
panel using this time-division method. 

In the command process, the /nPD72030 manipulates 
the contents of display memory with host CPU com- 
mands. In order for the ^PD72030 to process a com- 
mand, the host CPU must read and check the status 
of the nPD72030. If the jhPD72030 is processing a com- 
mand, the host continues to read and check status 
until the /iPD72030 is in the command wait state (no 
command is executing). When the nPD72030 is in the 
command wait state, the host sends a command to 
the nPD72030. (An interrupt may also be used.) The 
jhPD72030 interprets the given command and executes 
it. 
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Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vdd 




V S s - 0.3 to +7 V 


Input voltage, V| 


Vss- 


- 0.3 V to V DD + 0.3 V 


Output voltage, Vq 


v ss - 


- 0.3 V to V DD + 0.3 V 


Operating temperature, Topt 




-10 to +70°C 


Storage temperature, Tstg 




- 65 to +125°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Recommended Operating Conditions 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ Max 


Conditions 


Supply voltage 


V DD1 


4.75 5.0 5.25 


V 




Operating 
frequency 


f 0PT1 


6 


MHz 


T A =-10 to +70°C 


Supply voltage 


V DD2 


4.5 5.0 5.5 


V 




Operating 
frequency 


f 0PT2 


6 


MHz 


T A =-10 to +50°C 



DC Characteristics 

T A = -10 to +70°C, V DD = 5 V ±5% 
T A = -10 to +50°C, V DD = 5 V ±10% 





Limits 




Unit 


Test 


Parameter Symbol 


Min Typ 


Max 


Conditions 


Input voltage low V|l 


-0.3 


0.7 


V 





Input voltage 
high 



2.2 



Vdd 
+ 0.3 



V Other t han 
RESET, X1 





V IH2 


Vdd 
- 1 


Vdd 
+ 0.3 


V 


RESET, X1 


Output voltage 
low 


Vol 


o 


0.45 


V 


(1) 


Output voltage 
high 


Voh 


4.0 




V 


(2) 


Input current 


in 


-25 


-3 


MA 


RESET V|^V| L 




l|2 




7.5 


ma 


X1:V|>V| H 




-7.5 




^a 


X1: V|<V| L 


Input leakage 
current 


l|L1 


-3 


3 


ma 


TC, DACK, CS, 
A0, RD, WR V| 
= V to V DD 


Output leakage 
current 


Ilo 


-3 


3 


KA 


D -D 7 , 

LD0-LD7 when 
high impedance 



STOP current 



'STP1 



1 12.0 nA 



Xtal osc; 
No load 



l STP2 



mA fosc = 6 MHz 
No load 



Operating current Iss 



mA fosc = 6 MHz 
No load 



Note: 

(1) IOW1, IOW2, LD0-LD7, CKOUT, MEMR, MEMW, LA -LAi 8 , D -D 7 , 
INT, CGEN, SPLT, DRAM, DREQ, FRM, STB, RST, EOT, SBY. 
Iql = 1-8 mA 

(2) Same list as Note 1. Iqh = -°- 4 mA 




Capacitance 



T A = 25°C 












Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ Max 


Conditions 



Input 
capacitance 



PF 



f sc = 1 MHz 

Vosc = 0.1 v 



Output 
capacitance 



Co 



12 pF 
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AC Characteristics 

T A = -10 to +70°C, V DD = 5 V ±5% 
T A = -10 to +50°C, V DD = 5 V ±10% 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


DACK, CS, AO 
setup to RD* 


Ur 







ns 




DACK, CS, AO 
hold from RDt 


l RA 







ns 




RD pulse width 


l RR 


250 




ns 




Data delay trom 
DACK, CS, AO 


tAD 




300 


ns 


C L = 150 pF 


Data delay from 
RD* 


tRD 




250 


ns 


C L = 150 pF 


Data float from 
RDt 


tDF 


10 


120 


ns 


(D 


DACK, CS, AO 
set-up to WR* 


tAW 







ns 




DACK, CS, AO 
hold from WRt 


%A 







ns 




WR pulse width 


tww 


160 


15/ 

'osc 


ns 




Data setup to 
WRt 


l DW 


100 




ns 




Data hold from 
WRt 


l WD 


70 




ns 




TC pulse width 


tTC 


100 




ns 




DREQ clear delay 
from TC* 


tCDQ 




200 


ns 


C L = 80 pF 


RD, WR* to TCt 


tRT 


100 




ns 




TCI to RD, WRt 


tTR 


100 




ns 




DREQt to DACK* 


tDD 







ns 


C L = 80 pF 


DACK pulse 
width 


tDACK 


300 




ns 




X1 cycle time 


tfJY 


166 




ns 




X1 pulse width 
high 


tCH 


50 




ns 




X1 pulse width 
low 


tCL 


80 




ns 




X1 rise time 


^CR 




20 


ns 




X1 fall time 


tCF 




20 


ns 





Note: 

(1) V 0H = V DD - 0.5 V 

v 0L = 0.5 v 





Symbol 


Limits 




Parameter 


Min Typ 


Max Unit 


LA setup to MEMR* (1) 


tLMR 


60 


ns 


LA hold from MEMRt (1) 


tMRL 


100 


ns 


MEMR pulse width 


tMRR 


660 


ns 


MEMR cycle time 


tfJYM 


1250 


ns 


MEMR high-level width 


tMR(H) 


250 


ns 


LA to iowit 


*AD(1) 


610 


ns 


MEMR* to iOWit 


l MR0(1) 


400 


ns 


I0W1* delay from MEMR* 


tMRH 


50 


ns 


MEMR hold from IOW1t 


l IMR1 


160 


ns 


iOWi pulse width 


.tin 


240 


ns 


I0W1 cycle time 


tCY1 


1100 1250 


ns 


MEMR* to CKOUT* 


tMRF 


450 


ns 


CKOUT pulse width 


tFF 


130 


ns 


CKOUTt to MEMR* 


*FMR 


200 


ns 


CKOUT cycle time 


l CY3 


2500 


ns 


DATA delay from MEMR* (3) 


l MRD 




430 ns 


DATA hold from MEMRt (3) 


l MH 





ns 


DATA delay from LA (1) (3) 


l AD1 




500 ns 


LA setup to MEMW* (1) 


tLMW 


200 


ns 


LA hold from MEMWt (1) 


tMWL 


190 


ns 


MEMW pulse width 


tMWW 


400 


ns 


LA setup to DATA (1) (3) 


*AD2 




270 ns 


DATA setup to MEMW* (3) 


tDMW1 


10 


ns 


DATA setup to MEMWt (2) 


tDMW2 


580 


ns 


DATA hold from MEMWt (2) 


tMWD 


85 


ns 


STB pulse width (2) 


*STB 


360 


ns 


STBt to I0W1* (2) 


tswi 


530 


ns 


IOWit to EOTt (2) 


tvVIE 





ns 


EOT pulse width (2) 


tEOT 


360 


ns 


FRM, SBY, RST to STB* (2) 


tFS 


720 


ns 


LA to IOW2t (2) 


l AD(2) 


400 


ns 


MEMR* to IOW2t (2) 


tMRD(2) 


220 


ns 


MEMR* to iOW2* (2) 


*MRI2 





ns 



Note: 

(1) Including CGEN and SPLT. 

(2) Measuring points: 
V H = V DD - 0.5 V 
V 0L = 0.5 V 

(3) CLBUS = 200 pF 
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AC Characteristics (cont) 

T A = -10 to +70°C, V DD = 5 V ±5% 
T A = -10 to +50°C, V D d = 5 V ±10% 
CL = 100 pF 





Symbol 




Limits 






Parameter 


Min 


TVP 


Max 


Unit 


i0W2t to MEMR* (2) 


l IMR2 


140 






ns 


I0W2 pulse width (2) 


1|I2 


150 






ns 


i0W2 cycle time (2) 


l CY2 


500 






ns 


IOW1t to I0W2* (2) 


T I12 


50 






ns 


IOW2t to IOW1t (2) 


T I21 


70 






ns 


STBt to I0W2* (2) 


1SW2 


450 






ns 


LA setup to MEMR* (1) 


tLMR 


1 /f 0SC 
- 106 






ns 


LA hold from MEMRt (1) 


Imrl 


1.5/fosc 
- 150 






ns 


MEMR pulse width 


*MRR 


5/f0SC 
- 170 






ns 


MEMR cycle time 


l CYM 




r.5/f 0S C 




ns 


MEMR high-level width 


l MR(H) 


2.5/fosc 
- 166 






ns 


LA to fOWit 


lAD(1) 


5/f0SC 
- 233 






ns 


MEMR* to iOWit 


fMRD(1) 4/fosc 
- 266 






ns 


iOWH delay from MEMR* 


Imrm 


1.5/fosC 
- 200 






ns 


MEMR hold from IOW1t 


HMR1 


1/ f 0SC 
- 13 






ns 


I0W1 pulse width 


tin 


2.5/fosc 
- 176 






ns 


I0W1 cycle time 


tCY1 


7.5/fosc ' 
- 150 


'.5/fosc 




ns 


MEMR* to CKOUT* 


l MRF 


4.5/fosc 
- 300 






ns 


CKOUT pulse width 


tFF 


1.5/fosc 
- 120 






ns 


CKOUTt to MEMR* 


*FMR 


1.5/fosc 
- 50 






ns 


CKOUT cycle time 


l CY3 




15/fQSC 




ns 


DATA delay from MEMR* (3) 


Imrd 






5 /f0SC 
- 400 


ns 


DATA hold from MEMRt (3) 


l MH 









ns 


DATA delay from LA (1) (3) 


l AD1 






7/f 0SC 
- 666 


ns 


LA setup to MEMW* (1) 


f LMW 


2.5/fosc 
- 216 






ns 


LA hold from MEMWt (1) 


l MWL 


1.5/f0SC 
- 60 






ns 


MEMW pulse width 


l MWW 


3.5/fosc 

- 183 






ns 


LA setup to DATA (1) (3) 


UD2 






1.5/foSC 

+ 20 


ns 





Symbol 


Limits 




Parameter 


Min lyp Max Unit 


DATA setup to MEMW* (3) 


l DMW1 


1 /f 0SC 
- 156 


ns 


DATA setup to MEMWt (3) 


l DMW2 


4.5/fosc 
- 170 


ns 


DATA hold from MEMWt (2) 


Imwd 


1/ffJSC 
- 81 


ns 


STB pulse width 


l STB 


3/f0SC 
- 140 


ns 


STBt to IOWH 


tswi 


4/foSC 
- 136 


ns 


IOWH to EOT* 


l WIE 


1 /f 0SC 
- 166 


ns 


EOT pulse width 


tEOT 


3/f0SC 
- 140 


ns 


FRM, SBY, RST to STB* 


tFS 


6/f0SC 
- 280 


ns 


LA to IOW2t 


l AD (2) 


4/foSC 
- 266 


ns 


MEMR* to l0W2t 


{ MRD (2 


) 3/ f 0SC 
- 280 


ns 


MEMR* to I0W2* 


l MRI2 


1.5/fosc 
- 250 


ns 


J0W2t to MEMR* 


*IMR2 


1/ f 0SC 
- 26 


ns 


I0W2 pulse width 


1 II2 


1.5/fosc 
- 100 


ns 


I0W2 cycle time 


l CY2 


3.5/fosc 
- 83 


ns 


lOWit to I0W2* 


f|12 


1/iosc 

- 116 


ns 


iow2t to iowit 


1|21 


1/ f 0SC 

- 96 


ns 


STBt to I0W2* 


*SW2 


4/foSC 
- 216 


ns 



Note: 

(1) Including CGEN and SPLT. 

(2) Measuring points: 
V H = V DD - 0.5 V 
V 0L = 0.5 V 

(3) CLBUS = 200 pF 
f0SC = fOFTI = f OPT2 



E 
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Timing Waveforms 

AC Input Test Points (except X1) 



X**^ rest /i-2Vy- 
0.7 V f^ Pointe ^O.TV A 



AC Output Test Points 






49-001312A 


y-*- 5V \ rest /4-sv-y 

/Ws V^ Poin,s ^0.45 V A 



C/ocJc Timing 




System Bus Timing 
DMA Timing 



r\ 



-*DACK- 



Y / 



-»TR •" 



w 



-*DD 



«TC 
'CDQ 



'/ 



\ 



Read Timing 




Write Timing 



ACK, \i r 






♦-•aw-* 



\h 'ww At 



d -d 7 . 



t 
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Timing Waveforms (cont) 

Local Bus Timing 
Display Timing 



SPLT, CGEN, 
LA -LA 18 



>: 



/ 



w 



\ 



-tCY1- 



'MRI2 



LD0-LD7 • 



-*MRR- 



-•CYM- 



-*AD(1)- 



-*MRD(1)- 
J MRM 



\U «II1 *■£ t, 12 



\~0 



*AD(2) *■ 



-*MRD(2)— »■ 



*MRL 



X 



-1/ — Zk 

_-£ ■« *MR(H) »■ \ 



( IMR1 



■« — *I2-I 



-tcY2- 



"• 'MRF- 



•fmr_ 



Display Timing 



l, tSTB .i 

•swi 



iowi \ y 

[*SW2 

«WIE— H U— 
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FRM ■ 
RST 
SBY ■ 
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Timing Waveforms (cont) 

Local Bus Timing (cont) 
Read Timing 



SPLT, 
LA 



T, CGEN, ~"~ V r 
-LA18 _/ L 



*-»LMR »MRL-» 
- J MRR ► ? ' 



v 



LD -LD 7 



*AD1 — 
*-*MRD-» 



* 



•mh-* 



;c 



:> 



Write Timing 



SPLT, CGEN 
LA0-LA18 



IX 



•-•lmw-* 



;c 



LD -LD 7 



^ *-tMWW-» / 



- l DMW2- 



•AD2 



-*MWL- 



<. 



Commands 

Paragraphs that follow explain the four initialization 
commands, nine function specifying commands, 21 
display control commands, and 20 display data 
manipulation commands. 

Initialization Commands 

SYNC 



1 








1 





1 


1 






Parameters 

• Column direction (bytes) 
(L) 

(H) 

• Time division 
•000000 B1 BO 

• STB cycle 

Function. This command specifies the LCD panel size 
and the timing to generate control signals (FRM and 
STB) to the LCD driver. The total number of pixels in 
a row can be up to twice the number of time divisions. 

B0 specifies whether the connection for expansion is 
used. 

B0 = Single matrix 

= 1 Partitioned matrix 
B1 = DRAM not used 
= 1 DRAM used 

DSPDEF 



1 








1 





1 


1 


1 



Parameters 

• Characters/line 

• Character rows/screen 

• Font size in column direction 

• Font size in row direction 

• Cell size in column direction 

• Cell size in row direction 

• B3 B2 B1 B0 
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Function. Font and cell size are specified by a number 
of pixels. Cell size equals the character font size plus 
the size of the gap between each character, with the 
following limitations: 

Cell column = 5 to 10, 12, or 16 pixels 
Cell row = 7 to 17 pixels 

B3 specifies the use of character code for the scan 
address. When B3 = 0, SA4 of the character code is 
used for the scan address. WhenJ33 = 1, SA4 of the 
character code is used for the CS of the external 
character generator, in which case the following fonts 
are allowed: 



MEMSIZ 



Column Size 

1 to 8 
9 to 16 



Row Size 

1 to 16 
1 to 8 



B2 and B1 specify whether the external character 
generator is used. BO specifies whether 2-byte codes 
are used. 



B2 



1 



B1 


1 




Function 



BO = 



Internal character generator is used 
External character generator is used 
Internal and external character 
generators are used; if a code is given 
corresponding to characters in both, 
the internal character generator has 
priority. 

2-byte codes not used 

2-byte codes used 



MEMADR 



1 


1 


1 


1 











1 



Parameters 

• Refresh memory starting address 
(U 

(H) 

• Character code memory starting address 
(L) 

(H) 

• Character attribute memory starting address 
(L) 

(H) 

• Graphics memory starting address 

(L) 
(H) 

Function. This command specifies the start address 
of each display memory. If a memory is not required, 
set FFFFH. 



1 


1 


1 


1 








1 






Parameters 

• Character code memory (lines) 

• Character code memory (bytes) 
(L) 

(H) 

• Character attribute memory (bytes) 
(L) 

(H) 

• Graphics memory (bytes) 
(L) 

(H) 

Function. This command specifies the size of each 
display memory. If a memory is not required, set 0. 

To determine the required memory size for 1-byte 
codes, use the following formula: 
MR = MB/R 

where 

MR is the number of character code memory rows 

MB is the number of character code memory bytes 

R is the number of characters per row. 

For 2-byte codes, multiply the right side of the equa- 
tion by 2. 



E 
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Function Specification Commands 

START 



DISPLY4 



1 

























1 











1 












This command releases the STOP mode when the 
display is OFF, interrupts command input, and clears 
the data bus. 



STOP 



1 




















1 



This command turns the jiPD72030 oscillator off. 
While the oscillator is off, data is retained with low 
power consumption. When a DRAM is used, STOP will 
destroy data in display memory. 

The START command releases the STOP state. Once 
released, the oscillator requires an oscillation stabiliz- 
ing time that has the same length as the blinking 
interval. 

STOP2 



1 











1 








1 



This command functions like the STOP command ex- 
cept that the external clock is input. 

DISPLY1 



10 



If the display is OFF, this command modifies refresh 
memory according to the contents of display memory 
and turns the display ON. If the display is ON, refresh 
memory is modified without turning the display off. 

DISPLY2 



10 



Use this command after execution of BLANK, STOP, 
or STOP2 to return the display screen to the condition 
that existed before BLANK, STOP, or STOP2 was ex- 
ecuted. DISPLY2 modifies refresh memory according 
to the contents of display memory and starts the 
display function. 

DISPLY3 



10 



This command displays the contents of display 
memory unchanged. 



This command modifies the fixed row of refresh 
memory according to the contents of display memory. 
The fixed row is specified by the DIVIDU, DIVIDD, and 
DIVIDB commands. If DIVIDN is executed or the 
fixed row is modified to a different portion of display 
memory, DISPLY4 cannot be used. (Use DISPLY1.) 



BLANK 







This command stops display operation and turns the 
display off. 

DISPL 



1 


1 


1 


1 





1 









This command updates the row where the cursor ex- 
ists and moves the cursor to the leftmost position of 
the next row. If in graphics mode, the internal cursor 
position is moved. 
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Display Control Commands 

MODEC, MODEG, MODEM 



1 


1 


1 








1 


mode 



These eommands specify the display mode, 
follows: 

Command Mode Display Mode 



as 



MODEC 01 Character display mode (default) 
MODEG 10 Graphics display mode 
MODEM 11 Mixed (character/graphics) mode 

If the display is ON, the display screen is changed to 
the specified mode. If MODEC is selected, refresh 
memory is cleared to before refresh memory is up- 
dated. When the display mode is specified and display 
memory has not been specified, the contents of the 
addresses starting from FFFFH are displayed. (This 
proceeds from address FFFFH, to address 0, address 
1, ..'.) 

BLINKO-3 



1 


1 


1 











TS1 


TSO 



These commands specify four different blinking in- 
tervals, as follows: 

Command TS1 TSO Interval Time 



BLINKO 








218 x 15/fosc (default) 


BLINK1 





1 


217 x 15/fosc 


BLINK2 


1 





216 x 15/fosc 


BLINK3 


1 


1 


215 x 15/fosc 



CURSOR 



1 


1 . 


1 








1 








Parameter 




















p 


B 



Function. This command specifies the cursor type 
and whether blinking is to be used. These are 
specified as follows: 

P = Underline cursor 

= 1 Block cursor 

B= Blinking off 

= 1 Blinking on 

The default is the underline cursor with blinking off. 
This cursor is one pixel thick, immediately below the 
character or space, its length that of the character 
plus the gap between the characters. The block cur- 
sor is the size of the character plus the gap. When the 
block cursor overlaps a character, the light and dark 
areas of the character are reversed. 

CURON 



1 








1 















This command sets the mode for cursor display on 
the screen. In display-ON character mode or display- 
ON mixed mode, CURON displays the cursor by 
writing to refresh memory. The default setting is for 
the cursor to be displayed. 



DSPPOS 














rimnpp 








1 


1 


1 


1 






















1 








1 











1 





















E 



Parameter 

Display start position (row) 

Function. This command specifies the row in 
character code memory where the display starts. The 
default is 0. 



This command sets the mode for no display of the cur- 
sor. In display-ON character mode or display-ON 
mixed mode, CUROFF turns the cursor off by modify- 
ing refresh memory. 
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CURUP, CURDN, 


CURRT, CURLT 








CURHM 














1 











1 


1 


B1 


BO 




1 











1 





1 


1 



This command shifts the cursor up, down, left, or 
right. The commands and their respective shift direc- 
tions are as follows: 



Command B1 

CURUP 

CURDN 

CURRT 1 

CURLT 1 



BO 


1 

1 



Direction 



Up 

Down 
Right 
Left 



When the cursor is displayed, this command moves 
the cursor to the home position (upper left corner of 
the screen). If the fixed row is set, the cursor will be 
at the upper left corner in the manipulating region, 
not on the fixed row. When the cursor is not displayed, 
it will be moved and displayed in the next display 
mode. 



CURDR 



When the cursor is displayed, these commands shift 
the cursor as specified. When the cursor is not 
displayed, it will be shifted and displayed in the next 
display mode. Table 1 describes what happens when 
the cursor is at the screen edge and one of these com- 
mands instructs the cursor to move outward. 



CR 



1 








1 





1 









110 



This command moves the cursor to leftmost edge. 



LF 















1 





1 






This command moves the cursor down one line. 



Parameters 

• Column position (X) 

• Row position (Y) 

Function. When the cursor is displayed, this com- 
mand moves the cursor to a specified location (col- 
umn X in row Y). When the cursor is not displayed, it 
will be moved and displayed in the next display mode. 

When parameters exceeding the number of rows or 
columns are input, the address will be calculated 
assuming the specified location exists. The cursor will 
then be moved. 

The default is home position (0, 0). 



BS 












DIVIDU, DIVIDD 
















1 








1 


1 





B1 


B0 














1 





































Parameters 





This command moves the cursor left one character. 



Table 1. Cursor Movement at Screen Edge 



Instruction 



Function 



CURUP at the highest row 



Cursor does not move. 



CURDN/LF at the lowest row 



Screen scrolls and cursor moves 
down one row, remaining in the 
same column. 



CURRT at rightmost edge in the 
highest row 



Cursor moves to the leftmost 
edge in the next lower row. 



CURRT at rightmost edge in the 
lowest line 



Screen scrolls and cursor shifts 
to the leftmost edge of the next 
row. 



CURLT/BS at the leftmost edge 



Cursor moves to the rightmost 
edge in the preceding row. 



• Character code memory fixed row 
(L) 

(H) 

• Character attribute memory fixed row 
(L) 

(H) 

Function. These commands specify the fixed row, 
which is a portion of refresh memory the user can 
allocate in order to modify parts of refresh memory 
without the whole display being updated. A fixed row 
corresponds to one line on the display screen. 

B1 and BO are specified as follows: 



CURLT/BS at leftmost edge in the 
highest row 



Cursor does not move. 



Command 
DIVIDU 

DIVIDD 



B1 




BO 
1 



Function 



Use upper fixed row (see 

DIVIDB) 

Use lower fixed row 



If character attribute memory is not used, set FFFFH 
for the character attribute fixed row (L, H). 
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1 








1 


1 





1 


1 



Parameters 

• Character code memory upper fixed row 
(L) 

(H) 

• Character code memory lower fixed row 
(L) 

(H) 

• Character attribute memory upper fixed row 
(L) 

(H) 

• Character attribute memory lower fixed row 
(L) 

(H) 

Function. This command is used when both upper and 
lower fixed rows are used, for the purpose of partition- 
ing the screen. If character attribute memory is not 
used, set FFFFH for the character attribute memory 
upper and lower fixed rows (L, H). 

The default is that upper and lower fixed rows are not 
set. 

DIVIDN 



Display Data Manipulation Commands 

CHRDSP 

Parameter 

• Character code- 
(L) 

• Character code (when in 2-byte code mode) 
(H) 

Function. This command simultaneously displays a 
character (at the cursor location) and stores its display 
code in memory. The character code is input as a com- 
mand, thus AO = 1. 

In 2-byte code mode, AO must be 1 so that the lower 
byte of the character code will be sent to the com- 
mand buffer and AO = 0, when the higher byte of the 
character code is sent to the data buffer. 

In display-ON graphics mode or display-OFF mode, 
only the code will be written to character code 
memory. When in display-ON character mode or mix- 
ed mode, the cursor will shift one character to the 
right when the display and writing are done. When the 
cursor is at the rightmost edge of a row, it will move 
to the leftmost edge of the next row. If the cursor is 
at the rightmost edge in the lowest row, the screen 



1 








1 


1 











will scroll. 


This command invalidates the upper and lower fixec 


i 


ESC 


rows. 











1 


1 





1 


1 



This command selects whether the input to the com- 
mand buffer will be the command code or the exter- 
nal character generator code. The default is the com- 
mand code, and the code selected toggles each time 
ESC is executed. Codes 1B, 08, 0A and 0D will not be 
accepted as character codes. 



E 
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ATTR 
















1 








1 





1 





1 


Parameter 





s 


c 








u 


R 


B 



BLKTOT 



S Spaee (when the character does not exist) 

C Carriage return (logical row end) 

U Underline 

R Reverse 

B Blink 

Function. When a display character appears at the 
cursor location, ATTR specifies an attribute for the 
character and writes the attribute to attribute memory. 
Once specified, the attribute will apply to every subse- 
quent character that is input, until another attribute 
is specified, or the ATTROF command is executed. 

Any attribute can be specified by setting its bit to 1. 
Two or more attributes can be specified 
simultaneously. 

The default is that all attributes are off. 
ATTROF 



1 10 



This command releases any attributes specified for 
the character at the cursor location. 

BLKTIN 



11 1 1 



Parameter 

• Display memory address 
(L) 
(H) 

Function. This command performs data block transfer 
from the data bus buffer to display memory. The ad- 
dress will increment each time a byte transfers. The 
DMA controller is used. 

If the display is ON, executing BLKTIN to other than 
refresh memory causes no change in the display. To 
display the written contents of display memory, ex- 
ecute DISPLY1. 

The )LtPD72030 does not enter the command wait state 
after the block transfer finishes. 



o o 



Parameters 

• Display memory address 
(L) 
(H) 

Function. This command performs data block transfer 
from display memory to the data bus buffer. The ad- 
dress will increment each time a byte transfers. The 
DMA controller is used. 

The jiPD72030 enters the command wait state after 
the block transfer finishes. 

READ 



1 



Parameters 

• Display memory address 
(L) 

(H) 

• Number of transfer bytes 

Function. This commands reads data from display 
memory and transfers the specified number of bytes 
via the data FIFO to the data bus buffer. The address 
increments each time a byte transfers. 

If the host CPU does not accept all transfer data 
bytes, the /iPD72030 cannot enter the command wait 
state. 
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WRITE 



CLRCHR 



1 


1 


1 





1 








1 




1 


1 


1 





1 


1 


1 






Parameters 

• Display memory address 
(L) 

(H) 

• Number of transfer bytes 

• Write data 

• Write data 



• Write data (max 256) 

Function. This command writes data for the number 
of transfer bytes from the data bus buffer to display 
memory. The address increments each time a byte 
transfers. If is input as the number of transfer bytes, 
256 is assumed. 

If the display is ON, executing WRITE to other than 
refresh memory causes no change in the display. Ex- 
ecute DISPLY1 to display the written contents. 

If during WRITE execution the host CPU does not 
send the full number of transfer data bytes, the 



Parameters 

• Data 

• Data (for 2-byte code mode only) 

Function. This command replaces character code 
memory with the specified data. If character attribute 
memory exists it is simultaneously cleared by 0. 

In display-ON character mode or mixed mode, the 
display turns off, refresh memory is modified, and the 
display turns on again. The character display start 
position is initialized. 

In display-ON graphics or display-OFF modes, only 
character code memory is altered. The boundaries of 
character code memory are initialized. 

If character code memory is cleared by 20H or 2121 H 
and attribute memory exists, attribute memory will be 
cleared by 40H (the space attribute is attached). The 
cursor will move to home position. 

If character code memory is not specified, CLRCHR 
will not execute and the WARNING bit will be set. 



/iPD72030 cannot enter the command wait state. 


CLRGRP 














SELCTO, SELCT1 


1 


1 


1 





1 


1 


1 


t 








1 








1 








1 


BO 


Parameter 

• Data 



When using a partitioned matrix, two refresh 
memories are required. When refresh memory is to be 
accessed, these commands specify refresh memory 
or 1. The default is refresh memory 0. Once a refresh 
memory is specified, it remains valid until the next 
specification. 



Command BO 

SELCTO 

SELCT1 1 

SELCTCG 



Selects 



Refresh memory 
Refresh memory 1 



Function. This command replaces graphics memory 
with the specified data. 

In display-ON graphics mode or mixed mode, the 
display turns off, refresh memory is modified, and the 
display turns on. In character display-ON and -OFF 
modes, only graphics memory is modified. 

If graphics memory is not specified, CLRGRP will not 
execute and the WARNING bit will be set. 



E 



1 


1 


1 


1 








1 


1 


Parameters 

















LA18 


LA17 


LA16 



Function. This command will permit access to the ex- 
ternal character generator memory. When a READ, 
WRITE, BLKTIN, or BLKTOT is executed, CGEN out- 
put goes high and the upper 3-bit address specified 
by the parameter is used. 
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CLRLN 



1 








1 


1 


1 










1 














1 


1 






Parameters 

Number of transfer characters 

Function. This command sends the character code of 
each of the specified number of characters to the data 
bus buffer, beginning with the character at the cur- 
sor location. For each character, the character code 
and then the attribute code, if it exists, is sent. For 
2-byte codes, the character code is sent from the lower 
to the higher bits. The number of characters to be 
transferred is specified as follows: 

transfers up to the logical row end (up to the loca- 
tion where the CR attribute is set); cannot be 
specified if attribute memory has not been 
specified 

FFH transfers up to the physical row end (up to the 
right edge of the screen.) 

1 to FEH transfers up to the specified number of 
characters. 

In display-ON graphics or character display-OFF 
mode, the character code is transferred to the data 
bus buffer with an address that is calculated based 
on the cursor location and the character code start 
position stored in the controller. 

If character code memory has not been specified, 
TRANS will not execute and the WARNING bit will be 
set. 



This command clears character code memory from 
the cursor position to the right edge of the row. When 
character attribute memory exists, attribute memory 
will be cleared by 40H. The cursor does not move. 

When 1-byte code is used, character code memory will 
be cleared by 20H. For 2-byte code, character code 
memory will be cleared by 2121H. Attribute memory 
should be set to the space attribute state (cleared by 
40H). 

In display-ON graphics and display-OFF mode, only 
character code memory is cleared depending on the 
cursor position and character code display start posi- 
tion stored in the controller. 

When character code memory is omitted, the calcula- 
tion of the character code memory address will be 
made assuming character code memory starts from 
address FFFFH. 

CLRFRM 



1 














1 


1 


1 



This command clears character code memory from 
the cursor location to the right edge of the last row. 
In display-ON mode, refresh memory is also cleared. 
If character attribute memory exists, it is cleared by 
40H. The cursor does not move. 

When 1-byte code is used, character code memory is 
cleared by 20H. For 2-byte code, character code 
memory is cleared by 2121 H. Attribute memory should 
be set to the space attribute state, cleared by 40H. 

In display-ON graphics and display-OFF mode, only 
character code memory is cleared, depending on the 
cursor position and character code display start posi- 
tion stored in the controller. 

If character code memory has not been specified, 
character code memory will be cleared beginning 
from address FFFFH. 
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DRESET, DSET 














COMP 












1 


1 


1 





1 





1 


BO 




1 


1 


1 


1 


1 





1 



Parameter 

• Pixel position in column direction 
(L) 

(H) 

• Pixel position in row direction 
(L) 

(H) 

Function. These commands reset or set a pixel at a 
specified coordinate on the screen. These commands 
manipulate only graphics memory. 



Command 

DRESET 
DSET 



BO 


1 



Operation 



Reset 
Set 



The coordinate location is specified according to the 
number of pixels in the column and row positions. If 
the specified location is outside the screen, data in 
an unexpected location will be reset or set. DISPLY1 
will display the updated contents of graphics memory. 

If graphics memory has not been specified, DRESET 
or DSET will execute assuming graphics memory 
starts from address FFFFH. 



Parameters 

• Pixel position in column direction 
(L) 

(H) 

• Pixel position in row direction 
(L) 

(H) 

Function. This command reverses a pixel at a 
specified coordinate on the screen. COMP manipu- 
lates only graphics memory. If the specified location 
is outside the screen, data in an unexpected location 
will be reversed. DISPLY1 will display the updated con- 
tents of graphics memory. 

If graphics memory has not been specified, COMP will 
execute assuming graphics memory starts from ad- 
dress FFFFH. 



GET 



10 



Parameters 

• Pixel position in column direction 
(L) 

(H) 

• Pixel position in row direction 
(L) 

(H) 

Function. This command sends data that tells 
whether the pixel at the specified coordinate on the 
screen is set or reset in graphics memory. If the pixel 
is set, FFH is sent to the data bus buffer. If reset, 
is sent to the data bus buffer. 

If graphics memory has not been specified, GET will 
execute assuming graphics memory starts from ad- 
dress FFFFH. 



E 
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Introduction 

NEC has a comprehensive line of development hard- 
ware and software supporting our many families of 
single-chip microcomputers. NEC's software operates 
under CPM-86™ or MS-DOS™, and will run on a variety 
of hardware including IBM-PC™, NEC-APC, and the 
NEC MD-086 multiuser development system. General- 
ly, an NEC cross-assembler will assemble all members 
of a series. 

NEC hardware is divided into two types: Evakits and IE 
boards. Evakits are mother boards. They accept plug- 
in daughter boards that emulate specific micro- 
computers. IE boards are in-circuit emulators. They 
generally have more memory and more functionality 
than the specific device they emulate. Both types of 
hardware come with up/down load software that allows 
communication with the host computer over a serial 
line. 



Following is an example of configuring a system for 
developing the //PD7533 single-chip microcomputer. 
The selection guide below shows that the //PD7533 
requires a mother board, the EVAKIT-7500B, and a 
daughter board, the EV7533, which personalizes the 
mother board for the //PD7533. 

For software development, you first select the host 
computer and operating system. Using the most pop- 
ular module, the IBM-PC type running under MS-DOS, 
as an example, you would need ASM75-D52. This as- 
sembler works for all 7500 series members, and 
includes up/down loading software. 

In addition to these development tools, you would 
need some//PD75CG33E piggyback prototyping chips. 
And voila, you have a low-cost development system 
that can be configured by adding daughter boards for 
other members of the family as new applications 
emerge. 



A/PD7500 Series Hardware Development Tool Selection Guide 


Part 
Number 


Emulator 


Add-On Board System 
(Required) Evaluation Board 


EPROM 
Device 


/yPD7501 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


juPD7502 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


A(PD7503 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


juPD7506 


EVAKIT-7500B 


- SE-7508 


- 


//PD7507 


EVAKIT-7500B 


- - 


//PD75CG08E 


A<PD7507H 


EVAKIT-7500B 


EV7508H - 


//PD75CG08HE 


A/PD7507S 


EVAKIT-7500B 


- SE-7508 


- 


/vPD7508 


EVAKIT-7500B 


- - 


/yPD75CG08E 


//PD7508A 


EVAKIT-7500B 


- SE-7508 


- 


A<PD7508H 


EVAKIT-7500B 


EV7508H - 


//PD75CG08HE 


//PD7514 


EVAKIT-7500B 


EV7514 SE-7514A 


- 


A/PD7516H 


EVAKIT-7500B 


EV7500FIP - 


juPD75CG16HE 


//PD7519 


EVAKIT-7500B 


EV7500FIP - 


//PD75CG19E 


yt/PD7519H 


EVAKIT-7500B 


EV7500FIP - 


//PD75CG19HE 


//PD7527 


EVAKIT-7500B 


EV7528 - 


/iPD75CG28E 


//PD7528 


EVAKIT-7500B 


EV7528 - 


//PD75CG28E 


/yPD7533 


EVAKIT-7500B 


EV7533 - 


//PD75CG33E 


//PD7537 


EVAKIT-7500B 


EV7528 - 


A/PD75CG38E 


A<PD7538 


EVAKIT-7500B 


EV7528 - 


//PD75CG38E 


//PD7554 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


//PD7556 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


//PD7564 


EVAKIT-7500B 


EV7554A SE-7554A 


- 


,uPD7566 


EVAKIT-7500B 


EV7554A SE-7554A 


- 




CP/M-86 is a trademark of 
IBM-PC is a trademark of I 



Digital Research Corporation. MS-DOS is a trademark of Microsoft Corporation, 

nternational Business Machines Corporation. 
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Description 

The EVAKIT-7500B is a stand-alone Evakit for NEC's 
/uPD7500 series of 4-bit, single-chip microcomputers. 
The EVAKIT-7500B provides complete hardware em- 
ulation and software debug capabilities for the 
//PD7506, /UPD7507/7507S and the ,uPD7508/7508A 
microcomputers. With the addition of device specific 
add-on boards, the EVAKIT-7500B is easily tailored to 
support the remaining members of the family. 

Real-time and single-step emulation capability, coupled 
with a powerful on-board system monitor and real-time 
trace capability create a powerful debug environment. 
The EVAKIT-7500B is controlled either from an on- 
board keypad or over a serial line from a terminal or 
host computer. User programs are downloaded through 
a serial line or read from a PROM. Existing programs 
may be modified or small programs may be created 
using the on-board hexadecimal keypad. 

Features 

□ Real-time and single-step emulation capability 

□ 8K bytes of user program memory 

□ Powerful system monitor 

— Display/modify/move program memory 

— Display/modify data memory 

— Load/verify/display PROM 

— Examine/modify internal registers 

— Full disassembler 

D User-specified breakpoint conditions 

— Program counter and number of passes 

— Stack pointer 

— Data address and value 

□ Real-time trace capability 

— 2048 instruction cycle trace 

— External trace probes 



□ Supports three operating modes 

— On-board hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

□ Serial interface: RS-232C or TTL 

□ EPROM programming capability (2764 and 27128) 

EV7 500 Add-On Boards 

EV7500FIP 




The EV7500FIP is an add-on board for the EVAKIT- 
7500B which is required for emulating the //PD7516H 
and the /uPD7519/7519H microcomputers. This board 
is mounted under the EVAKIT-7500B, adding vacuum 
fluorescent display control and high voltage driver 
capability to the Evakit. 

EV7508H 






The EV7508H is an add-on board for the EVAKIT- 
7500B which is required for emulating the//PD7507H 
and the/iPD7508H microcomputers. This board plugs 
directly into the /iPD7500 socket on the EVAKIT- 
7500B, allowing the system to support these high 
speed versions of the //PD7500 series. 
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EV7514 




The EV7514 is an add-on board for the EVAKIT-7500B 
which is required for emulating the//PD7501 ,//PD7502, 
(jPD7503, and /(/PD7514 microcomputers. This board is 
mounted under the EVAKIT-7500B, adding LCD con- 
troller/driver capability to the Evakit. 

EV7528 




The EV7528 is an add-on board for the EVAKIT-7500B 
which is required for emulating the//PD7527,/uPD7528, 
#PD7537, and//PD7538 microcomputers. This board is 
mounted underthe EVAKIT-7500B, allowing the Evakit 
to support the additional features of these parts: I/O 
ports with high dielectric strength, optional pull-down 
resistors, and zero voltage detection circuits. 

EV7533 

The EV7533 is an add-on board for the EVAKIT-7500B 
which is required for emulating the yuPD7533 micro- 
computer. This board plugs directly into the//PD7500 
socket, allowing the Evakit to emulate the //PD7533's 
four analog inputs and its 8-bit A/D converter. 



EV7554A 

The EV7554A is an add-on board for the EVAKIT- 
7500B which is required for emulating the //PD7554, 
//PD7556, /UPD7564, and yuPD7566 microcomputers. 
This board mounts on top of EVAKIT-7500B, allowing 
the Evakit to emulate the additional features of these 
parts: optional pull-up/pull-down resistors for ports 0, 
1,10, and 1 1 ; comparator/CMOS inputs for port 1 ; high 
current/CMOS outputs for ports 8, 9, 10, and 11. 

1/PD7500 Series System Evaluation 
Boards 

SE-7508 

The SE-7508 is the system evaluation board for the 
/uPD7506,/wPD7507S, and/uPD7508A microcomputers. 
The SE-7508 is functionally equivalent to the ROM- 
based microcomputers. With the user's program 
residing in either a//PD2716or//PD2732 on board, the 
SE-7508 can be connected to the user's prototype 
allowing total system performance to be evaluated. 

SE-7514A 

The SE-7514A is the system evaluation board for the 
//PD7500 series microcomputers with LCD direct drive 
capabilities: >uPD7501, ^PD7502, /uPD7503 and 
yuPD7514. The SE-7514A is functionally equivalent to 
the ROM-based microcomputers. With the user's pro- 
gram residing in either an on-board //PD2764 or 
//PD27128, you can connect the SE-7514A to your 
prototype and evaluate total system performance. 

SE-7554A 

The SE-7554A is the system evaluation board for the 
/C/PD7500 series mini/microcomputers: //PD7554, 
/yPD7556, yuPD7564, and ,uPD7566. The SE-7554A is 
functionally equivalent to the ROM-based mini/micro- 
computer. With your program residing in the lower 4K 
bytes of an on-board //PD2764, you can connect the 
SE-7554A to your prototype and evaluate total system 
performance. 
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EVAKIT-75X 

Description 

The EVAKIT-75X is a stand-alone Evakit for NEC's 
juPD75000 series of 4-bit, single-chip microcomputers. 
With the addition of a device specific add-on board, the 
EVAKIT-75X is easily tailored to provide complete 
hardware emulation and software debug capabilities 
for the individual members of the family. Real-time and 
single step emulation capability, coupled with an on- 
board system monitor, create a powerful debug 
environment. 

The EVAKIT-75X is controlled over a serial line from 
either a terminal or host computer. User programs can 
be downloaded through this serial line or read from 
PROM. The NEC PG1000 series PROM programmer 
with the PG1005 personality module can be connected 
for easy programming of the//PD75P105. 

Features 

□ Real-time, real-time step, and single step emulation 

□ 16K bytes of program memory (72 hour backup) 

□ Powerful on-board system monitor 

— Display/modify/move/exchange/search/verify 
program memory 

— Display/modify/move/exchange/verify data 
memory 

— Display/modify general and special registers 

— Upload/download data 

— Line-assembler and full disassembler 

— Load/verify/display PROM 

□ User-specified breakpoints 

— Logical OR of up to four break conditions 

— Break loop counter 

— Delayed break by machine cycle or instruction 
count 

□ Real-time trace capability 

— 51 2 machine cycle or 2048 instruction cycle trace 

— User-specified trace range 
x — Trace data search function 

□ Automatic command string execution 

□ Eight external sense probes 

□ Controlled from external terminal or host computer 

□ Two RS-232C serial ports 

□ On-board EPROM programmer (2764 and 27128) 

□ Upload/download program for PG1000/PG1005 
PROM programmer 



EVAKIT-75X Add-On Boards 

EV75108 

The EV75108 is an add-on board for the EVAKIT-75X 
required for emulating the//PD75104,//PD75106, and 
//PD75108 microcomputers. This board mounts on top 
of the EVAKIT-75X, allowing the Evakit to support the 
features specific to these parts. This includes switch 
selectable pull-up resistors on ports 12, 13, and 14. 

EV75208 

The EV75208 is an add-on board for the EVAKIT-75X 
which is required for emulating the //PD75204, 
//PD75206, and/uPD75208 microcomputers. This board 
mounts on top of the EVAKIT-75X, allowing the Evakit 
to support the features specific to these parts including 
the FIP Controller/Driver. 

PGIOOO Personality Module 

PG1005 

The PG1005 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program the//PD75P108, the EPROM version forthe 
//PD75104, AfPD75106, and A/PD75108 4-bit, single-chip 
microcomputers. Interchangeable socket adapters are 
provided with the PG1005 to allow programming both 
shrink dip and flat packages. 
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/iPD7800 Series Hardware Development Tool Selection Guide 


Part 
Number 


Emulator 


Real-time 

Trace 

Board 


Add-on 
Board 


System 

Evaluation 

Board 


EPROM 
Device 


//PD78C05A 


EVAKIT-87LC [Note 1] 


EV87LCRTT 


EV78C06A 


SE-78C06 


- 


//PD78C06A 


EVAKIT-87LC 


EV87LCRTT 


EV78C06A 


SE-78C06 


- 


//PD7807 


IE-7809-M 


- 


- 


- 


A<PD78P09R 


A<PD7808 


IE-7809-M 


- 


- 


- 


//PD78P09R 


//PD7809 


IE-7809-M 


- 


- 


- 


//PD78P09R 


//PD7810 


EVAKIT-87AD [Note 1] 
IE-87AD-M 


EV87ADRTT 


— 


— 


_ 


A/PD7810H 


IE-7811H 


- 


- 


- 


- 


A/PD78C10 


IE-78C11-M 


- 


- 


- 


- 


//PD7811 


EVAKIT-87AD [Note 1] 
IE-87AD-M 


EV87ADRTT 


— 


_ 


//PD78PG11E 
A/PD78PG11E 


//PD7811H 


IE-7811H 


- 


• - 


- 


//PD78PG11E[Note2] 


A/PD78C11 


IE-78C11-M 


- 


- 


- 


- 


//PD78C14 


IE-78C11-M 


- 


- 


- 


- 



Notes: 

(1) Addresses 0-OFFFH access memory on the Evakit only. 

(2) Special selected parts. 

EVAKIT-87AD 

Description 

The EVAKIT-87AD is one of the stand-alone Evakitsfor 
NEC's //PD7800 series of 8-bit, single-chip micro- 
computers. The EVAKIT-87AD provides complete 
hardware emulation and software debug capabilities 
forthe//PD7811 microcomputer. Real-time and single- 
step emulation capability, coupled with an on-board 
system monitor, creates a powerful debug environ- 
ment. An optional real-time trace board is also available 
to greatly increase your debugging capabilities. 

An auxiliary hexadecimal keypad or a serial line from a 
terminal or host computer controls the EVAKIT-87AD. 
User programs are downloaded through a serial lineor 
read from a PROM. Use the keyboard to modify 
existing programs or create small programs. An on- 
board programmer for 2716, 2732, 2732A, or 2764 
EPROMs provides an easy means for submitting your 
final code for production. 



Features 

□ Real-time and single-step emulation capability 

□ 8K bytes of on-board user program memory 

— Expandable to 64K bytes using IEEE-796 bus 

□ Powerful system monitor 

— Display/modify/move/search/verify/test 
Memory 

— Display/modify internal registers 

— Display input ports; write to output ports 

— Load/verify/display PROM 

— Full disassembler 

□ User-specified breakpoint 

— One serial (logical AND of up to 4 conditions) or 

— One parallel (logical OR of up to 15 conditions) 

— Break delay and loop counter 

— Break on: address and data values and CPU 
controls 

□ Supports three operating modes 

— Auxiliary hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

□ Serial interface: RS-232C, TTL, or 20 mA current 
loop 

□ EPROM programming capability (2716, 2732, 
2732A, 2764) 
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EVAKIT-87AD Add-On Board 

EV87ADRTT 

The EV87ADRTT is the real-time trace board for use 
with NEC's EVAKIT-87AD stand-alone Evakit. The 
EV87ADRTT communicates with the EVAKIT-87AD 
via the IEEE-796 bus, adding real-time trace and 
additional breakpoint capabilities to the Evakit. A 1 K X 
62-bit trace RAM is available for storing the status of 
the address bus, the data bus, the control signals, and 
the I/O ports as your program is executed in real-time. 
The trace data may be displayed in either the machine 
cyclesorthe instruction mode with the user controlling 
the content of the display. The addition of another 
address breakpoint, a timer breakpoint, and a trace 
step breakpoint greatly increase the power of the 
EVAKIT-87AD. 

EVAKIT-87LC 

Description 

The EVAKIT-87LC is one of the stand-alone Evakits for 
NEC's //PD7800 series of 8-bit, single-chip micro- 
computers. The EVAKIT-87LC provides complete 
hardware emulation* and software debug capabilities 
for the//PD78C06 microcomputer. With the addition of 
the EV78C06A add-on board, the EVAKIT-87LC sup- 
ports the /-'PD78C06A. Real-time and single-step 
emulation capability, coupled with an on-board system 
monitor, create a powerful debug environment. 

An auxiliary hexadecimal keypad or a serial line from a 
terminal or host computer controls the EVAKIT-87LC. 
User programs are downloaded through a serial line or 
read from a PROM. Existing programs may be modified 
or small programs may be created using the keypad. 
An on-board programmer for 2716 or 2732 EPROMs 
provides an easy means for submitting the user's final 
code for production. An optional real-time trace board 
is available to greatly increase your debugging cap- 
abilities. 



Features 

□ Real-time and single-step emulation capability 

□ 4K bytes of on-board user program memory 

— Expandableto 64K bytes using the IEEE-796 bus 

□ Powerful system monitor 

— Display/modify/move/exchange/search/verify/ 
test memory 

— Display/modify internal registers 

— Display input ports; write to output ports 

— Load/verify/display PROM 

— Full disassembler 

□ User-specified breakpoint 

— One serial (logical AND of up to 4 conditions) or 

— One parallel (logical OR of up to 15 conditions) 

— Break delay and loop counter 

— Break on: address, memory read/write, opcode 
fetch 

□ Three modes of operation 

— Auxiliary hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

□ Serial interface: RS-232C, TTL, or 20 mA current 
loop 

□ EPROM programming capability (2716, 2732) 

EVAKIT-87LC Add-On Boards 

EV87LCRTT 

The EV87LCRTT is the real-time trace board for use 
with NEC's EVAKIT-87LC stand-alone Evakit. The 
EV87LCRTT communicates with the EVAKIT-87LC via 
the I EEE-796 bus, adding real-time trace and additional 
breakpoint capabilities to the Evakit. A 1 K X 59 bit trace 
RAM is available for storing the status of the address 
bus, data bus, control signals, I/O ports and ten 
external sense lines, as the user's program is executed 
in real-time. The trace data may be displayed in 
machine cycles or instruction mode with the user 
controlling the content of the display. The addition of 
another address breakpoint, a timer breakpoint, and a 
trace step breakpoint greatly increases the power of 
the EVAKIT-87LC. 



EV78C06A 

The EV78C06A is an add-on board for the EVAKIT- 
87LC which is required for emulating the //PD78C06A 
microcomputer. This board is connected between the 
Evakit and the target system, dividing the clock output 
of the Evakit by two. An emulation probe with a 64-pin 
QUIP header for plugging directly into the micro- 
computer socket of the target system is included with 
the EV76C06A. 



7-10 



SEC 



//PD7800 SERIES 



IE-7809-M 




Description 

The IE-7809-M is one of the in-circuit emulators for 
NEC's >uPD7800 series of 8-bit, single-chip micro- 
computers. The IE-7809-M provides complete hard- 
ware emulation and software debug capabilities for the 
yuPD7807, yt/PD7808, and //PD7809 single-chip micro- 
computers. Real-time and single-step emulation cap- 
ability, coupled with sophisticated memory mapping 
features, breakpoints and trace capabilities, create a 
powerful debug environment. A single-line assembler 
and disassembler, full register and memory control, 
and complete upload/download capabilities further 
simplify the task of debugging your hardware and 
software. 

The IE-7809 can operate in two modes: as a stand- 
alone in-circuit emulator, controlled from either a user 
terminal or from a wide variety of host systems; or as an 
integral part of the MD-086 series microcomputer 
development system. 

Features 

□ Real-time and single-step emulation 

□ User-designated breakpoints 
D Sophisticated trace capabilities 

— 1024 X 56-bit trace buffer 

— Trace conditioning registers 

— Instruction or machine cycle display 

□ Powerful memory mapping capability 

— 64K bytes of RAM mappable in 256-byte blocks 

□ Line assembler/disassembler 

□ Eight external sense probes 

□ Self-diagnostic command 

□ Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 



□ MD-086 series development system bus-coupled 
configuration 

— Symbolic debugging 

— Macro command file capability 

— Multiple IE-7809 operation 

— Improved upload/download times 

IE-87AD-M 




Description 

The IE-87AD-M is one of the in-circuit emulators for 
NEC's yuPD7800 series of 8-bit, single-chip micro- 
computers. The IE-87AD-M provides complete hard- 
ware emulation and software debug capabilities for the 
//PD7810, and /yPD7811 single-chip microcomputers. 
Real-time and single-step emulation capability, coupled 
with sophisticated memory mapping features, break- 
points, and trace capabilities create a powerful debug 
environment. A single-line assembler and disassembler, 
full register and memory control, and complete upload/ 
download capabilities further simplify the task of 
debugging your hardware and software. 

The IE-87AD-M can operate in two modes: as a stand- 
alone in-circuit emulator, controlled from either a user 
terminal or from a wide variety of host systems; or as an 
integral part of the MD-086 series microcomputer 
development system. 
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Features 

□ Real-time and single-step emulation 

□ User-designated breakpoints 

□ Sophisticated trace capabilities 

— 1024 X 56-bit trace buffer 

— Trace conditioning registers 

— Instruction or machine cycle display 

□ Powerful memory mapping capability 

— 64K bytes of RAM mappable in 256 byte blocks 

□ Line assembler/disassembler 
p Eight external sense probes 

□ Self-diagnostic command 

□ Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 

D MD-086 series development system bus-coupled 
configuration 

— Symbolic debugging 

— Macro command file capability 

— Multiple IE-87AD-M Operation 

— Improved upload/download times 

IE-7811H-M 

Description 

The IEr7811H-M is one of the in-circuit emulators for 
NEC's juPD7800 series of 8-bit, single-chip micro- 
computers. The IE-7811H-M provides complete hard- 
ware emulation and software debug capabilities for the 
/uPD7810H and//PD7811 H single-chip microcomputers. 
Real-time and single-step emulation capability, coupled 
with sophisticated memory mapping features, break- 
points, and trace capabilities create a powerful debug 
environment. A single-line assembler, disassembler, 
full register, memory control, and complete upload/ 
download capabilities further simplify the task of 
debugging your hardware and software. 

The I E-781 1 H-M can operate in two modes: as a stand- 
alone in-circuit emulator, controlled from either a user 
terminal or from a wide variety of host systems; or as an 
integral part of the MD-086 series microcomputer 
development system. 

Features 

□ Real-time and single-step emulation 

□ User-designated breakpoints 

□ Sophisticated trace capabilities 

— 1024 X 56-bit trace buffer 

— Trace conditioning registers 

— Instruction or machine cycle display 

□ Powerful memory mapping capability 

— 64K bytes of RAM mappable in 256-byte blocks 

□ Line assembler/disassembler 

□ Eight external sense probes 
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□ Self-diagnostic command 

□ Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 

□ MD-086 series development system bus-coupled 
configuration 

— Symbolic debugging 

— Macro command file capability 

— Multiple I E-87AD-M operation 

— Improved upload/download times 

IE-78C11-M 

Description 

The IE-78C11-M is one of the in-circuit emulators for 
NEC's £iPD7800 series of 8-bit, single-chip micro- 
computers. The IE-78C11-M provides complete hard- 
ware emulation and software debug capabilities for the 
A<PD78C10, juPD78C11 and //PD78C14 single-chip 
microcomputers. Real-time and single-step emulation 
capability, coupled with sophisticated memory map- 
ping features, breakpoints and trace capabilities create 
a powerful debug environment. A single-line assembler, 
disassembler, full register, memory control, and com- 
plete upload/download capabilities further simplify the 
task of debugging your hardware and software. 

The IE-78C11-M can operate in two modes: as a stand- 
alone in-circuit emulator, controlled from either a user 
terminal or from a wide variety of host systems; or as an 
integral part of the MD-086 series microcomputer 
development system. 

Features 

□ Real-time and single-step emulation 

□ User-designated breakpoints 

□ Sophisticated trace capabilities 

— 1024 X 56-bit trace buffer 

— Trace conditioning registers 

— Instruction or machine cycle display 

□ Powerful memory mapping capability 

— 64K bytes of RAM mappable in 256 byte blocks 

□ Line assembler/disassembler 

□ Eight external sense probes 
D Self-diagnostic command 

□ Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 

□ MD-086 series development system bus-coupled 
configuration 

— Symbolic debugging 

— Macro command file capability 

— Multiple IE-78C11-M operation 

— Improved upload/download times 
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SE-78C06 

The SE-78C06 is the system evaluation board for the 
yuPD78C06 microcomputer. The SE-78C06 is function- 
ally equivalent to the ROM-based microcomputer. 
With the user's program residing in a //PD2732 on- 
board, you can connect the SE-78C06 to your proto- 
type, allowing total system performance evaluation. 



PG1000 Personality Module 

PG1003 

The PG1003 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program theyuPD78P09R, the EPROM version for the 
//PD7808 and £fPD7809 8-bit, single-chip microcom- 
puters. The PG1003 supports two programming modes: 
high-speed writing mode and normal writing mode. 
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IE-78310-R 

Description 

The IE-78310-R is the stand-alone in-circuit emulator 
for NEC's /uPD78000 series of 8-bit, single-chip micro- 
computers. The IE-78310-R provides complete hard- 
ware emulation and software debug capabilities for the 
yuPD78310 andywPD78312 single-chip microcomputers. 
Real-time and single-step emulation capability, coupled 
with sophisticated memory mapping features, break- 
points, and trace capabilities create a powerful debug 
environment. 

A serial line from either a terminal or a host computer 
system controls the IE-78310-R. User programs can be 
uploaded or downloaded from the host system or from 
a PROM programmer connected to a second serial 
line. 

Features 

D Real-time and single-step emulation 

— Up to 12 MHz external clock 

— Software selectable internal or external clock 

□ Emulation memory 

— 16K bytes of high-speed emulation memory for 
on-chip ROM 

— 64K bytes of emulation memory for external 
memory mappable in 256-byte blocks 

□ Powerful system monitor 

— Display/modify/move/exchange/search/verify/ 
test memory 

— Display/modify internal registers 

— Upload/download capability 

— Symbolic line assembler and disassembler 



□ User-specified breakpoints 

— Logical OR of up to 4 conditions 

— Logical AND of address, data, CPU status, loop 
count 

— 8-bit external sense probe (bit-maskable) 

— Emulation timer — 1 to 65,535 ms 

— Program fetch count — 1 to 65,535 steps 

□ Real-time trace capability 

— 2048 X 44-bit trace memory 

— Traces: address, data, CPU status, ports 0-5, 
instruction queue status, macro service status, 
external sense probes 

— User-specified trace qualifiers: address, data, 
CPU status, external sense probes 

— Instruction/macro service/frame mode display 

□ Eight external sense probes for tracing user system 
signals 

□ Two RS-232C serial ports 

□ On-board self diagnostics 
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IE-70322 

Description 

The IE-70322 is a portable stand-alone in-circuit 
emulator providing both hardware emulation and soft- 
ware debug capabilities for the NEC V25 (//PD70320/ 
70322) 16-bit single-chip microcomputers. The stand- 
ard IE-700K chassis integrates a 9.5 inch CRT display, 
two 5-1/4 inch 640 kilobyte floppy disk drives and an 
ASCII keyboard. Real-time and single-step emulation 
capability, coupled with sophisticated memory map- 
ping features, breakpoints, and trace capabilities create 
a powerful debug environment. User programs can be 
uploaded and downloaded from a variety of host 
systems. 

Features 

□ Portable stand-alone in-circuit emulator 

— Integrated CRT, floppy disks, keyboard 

— Can be upgraded to support V20/V30, V35, 
V40/V50, V60 

□ Precise real-time and single-step emulation 

— Up to 8 MHz external clock 

□ User-specified mask ROM area of KB, 8 KB, 16 KB 
or 32 KB 

□ 124 KB of high-speed emulation memory (expand- 
able to 636 KB) 

— Mappable in 4K blocks as user, internal or 
inhibited 

□ Seven user-specified breakpoints 

— Selectable as execution or bus access cycle break 

— Break loop counter 

□ Sophisticated real-time trace capability 

— 2K trace buffer (sampling every machine cycle) 

— Traces: IROM/memory address and data, CPU 
status, 16 external sense probes 

— User-specified trace qualifiers 

□ Full symbolic debug capabilities 

□ Symbolic line assembler and disassembler 



□ Powerful communication software supporting: 

— Digital Equipment Corporation VAX™ computers 

— Intel Series I l/l 1 1 Development Systems 

— IBM Personal Computers 

— NEC MD-086 Series Development Systems 

□ Macro command file capability 

□ Full on-line help facility and screen editor 

□ EPROM programmer — 2732, 2764, 27128, 27256, 
27512 

VAX is a trademark of Digital Equipment Corporation. 
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EVAKIT-84C-1 

Description 

The EVAKIT-84C-1 is a stand-alone Evakit for NEC's 
//PD8048 series of 8-bit, single-chip microcomputers. 
The EVAKIT-84C-1 provides complete hardware em- 
ulation and software debug capabilities for the 
//PD8048H, yuPD8049H, //PD80C48, /[/PD80C49H, and 
//PD80C50H microcomputers. Real-time and single- 
step emulation capability, coupled with a powerful on- 
board system monitor, and real-time trace capability 
create a powerful debug environment. 

An on-board hexadecimal keypad or a serial line from a 
terminal or host computer controls the EVAKIT-84C-1 . 
User programs are downloaded through the serial line 
or read from a PROM. Use the keypad to modify 
existing programs or create small programs. An on- 
board programmer for //PD2716, //PD8748, and 
//PD8749H EPROM devices provides an easy means for 
submitting your final code for production. 

Features 

□ Real-time and single-step emulation capability 

□ 4K bytes on-board user program memory 

□ Powerful on-board system monitor 

— Display/modify program memory 

— Display/modify data memory 

— Display/modify internal registers 

— Display input ports; write to output ports 

— Load/verify PROM 

— Full disassembler 

□ Real-time trace capability — 256 steps 

— Program counter; port 1, 2, or address/data on 
data bus 

□ User-specified breakpoints 

— One serial (logical AND of up to 15 sequential 
addresses) 

— Breakpoint loop counter: up to 16 counts 

□ Supports three operating modes 

— On-board hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

□ Serial interface: RS-232C, TTL, 20 mA current loop 

□ EPROM programming capability (2716, 8748, 8749H) 



EVAKIT-80C42 




Description 

The EVAKIT-80C42 is a stand-alone Evakit for NEC's 
;«PD80C42 8-bit single-chip microcomputer that pro- 
vides both complete hardware emulation and software 
debug capabilities. Real-time and single-step emulation 
capability, coupled with an on-board monitor create a 
powerful debug environment. 

An auxiliary hexadecimal keypad or a serial line from a 
terminal or host computer controls the EVAKIT-80C42. 
User programs are downloaded through the serial line 
or read from a PROM. Use the keyboard to modify 
existing programs or create small programs. An on- 
board programmer for the //PD8741 A EPROM device 
provides an easy means for submitting your final code 
for production. 

Features 

□ Real-time and single-step emulation capability 

□ 2K bytes on-board user program memory 

□ Powerful on-board system monitor 

— Display/modify/move/search/verify program 
memory 

— Display/modify/move/search/verify data memory 

— Display/modify internal registers 

— Read/write to data bus buffer 

— Display input ports; write to output ports 

— Load/verify/display PROM 

— Full disassembler 
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D Real-time trace capability — 256 steps 

— Program counter; DBBIN, DBBOUT, and DBB 
status; OBF pin status 

□ User-specified breakpoints 

— One serial (logical AND of up to 4 sequential 
addresses) 

— One parallel (logical OR of up to 8 addresses) 

— Breakpoint loop counter: up to 256 counts 

□ Supports three operating modes 

— Auxiliary hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

□ Serial interface: RS-232C and TTL 

□ EPROM programming capability (//PD8741A) 



//PD8048 Series Development Tool 
Selection Guide 


Part 
Number 


Emulator 


System 

Evaluation 

Board 


EPROM 
Device 


/uPD8035H 


EVAKIT-84C-1 


- 


- 


A/PD8048H 


EVAKIT-84C-1 


- 


/uPD8748H* 


//PD8039H 


EVAKIT-84C-1 


- 


- 


//PD8049H 


EVAKIT-84C-1 


- 


//PD8749H* 


//PD80C39H 


EVAKIT-84C-1 


- 


- 


//PD80C48 


EVAKIT-84C-1 


SE-80C50H 


- 


//PD80C35 


EVAKIT-84C-1 


- 


- 


/yPD80C49H 


EVAKIT-84C-1 


SE-80C50H 


- 


//PD80C40H 


EVAKIT-84C-1 


- 


- 


/L/PD80C50H 


. EVAKIT-84C-1 


SE-80C50H 


- 


A<PD80C42 


EVAKIT-80C42 


- 


A/PD8741A 



*fiPD87A8H and /uPD8749H are both available in erasable windowed 
packages or in the economical one time programmable plastic 
package. 

EV-9001 /EV-9002 

Description 

The EV-9001 and EV-9002 shrink DIP conversion 
boards allow the standard in-circuit emulator and 
Evakit emulation cables to connect to shrink DIP 
sockets. The EV-9001 -64 converts the emulation probe 
from a 64-pin QUIP to a 64-pin shrink DIP. The EV- 
9002-42/40/28 convert the emulation cables from 42- 
/40-/28-pin standard DIP to 42-/40-/28-pin shrink DIP 
respectively. 



Ordering Information 


Conversion Board 


Function 


EV-9001-64 


64-pin QUIP to 64-pin shrink DIP 


EV-9002-42 


42-pin standard DIP to 42-pin shrink DIP 


EV-9002-40 


40-pin standard DIP to 40-pin shrink DIP 


EV-9002-28 


28-pin standard DIP to 28-pin shrink DIP 



SE-80C50H System Evaluation 
Board 

The SE-80C50H is the system evaluation board for the 
following CMOS members of the //PD8048 series: 
//PD80C48H, /UPD80C49H, and the /uPD80C50H. The 
SE-80C50H is functionally equivalent to the ROM- 
based microcomputers. You can connect the SE- 
80C50H to your prototype with up to 4K of your 
program residing in an on-board /uPD2716, yuPD2732, 
A/PD2732A, //PD2764, or a //PD27C64. This allows total 
system performance evaluation. 
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IE-70108/70116 



Ordering Information 




Description 

The IE-70108 and IE-70116 are stand-alone in-circuit 
emulators that provide both hardware emulation and 
software debug capabilities for the NEC //PD70108 
(V20) and A/PD70116 (V30) respectively. Each system 
consists of a standard I E-70K chassis with interchange- 
able emulator pods for either the V20 or V30 micro- 
processor. The IE-70108/70116 provides real-time and 
single-step emulation in both native and 8080 emulation 
mode. User programs can be uploaded and down- 
loaded from a variety of host systems via a serial link, or 
loaded directly from a CP/M-86® format 8" disk. 

Features 

□ Stand-alone in-circuit emulator 

— Interchangeable emulator pods for V20/V30 

— Conversion kit available for IE-70208/70216-S008 
D Precise real-time and single-step emulation 

— 5/8 MHz internal clock 

— Up to 8 MHz external clock 

□ Sophisticated memory mapping in 1K blocks of: 

— 64K bytes of no wait state internal RAM 

— 127K bytes of one wait state internal RAM 
(expandable to 610K bytes) 

— Up to 1 M byte of user system memory 

□ User programmable breakpoints and trace control 

□ 1 K trace buffer — mnemonic and cyclic display 

□ Full symbolic debug capabilities 

— 128K memory disk for rapid symbol search 

□ Symbolic line assembler and disassembler 

□ Full on-line help facility 

□ Macro command file capability 

□ External probes for tracing user system signals 

□ 1M byte 8" floppy disk drive 



Part Number 


Description 




IE-70108-S 


In-circuit emulator for //PD70108 (with V20 pod) 


IE-70116-S 


In-circuit emulator for >uPD70116 (with V30 pod) 


IE-70108-001 


Optional pod unit for ,uPD70108 emulation 


IE-70116-001 


Optional pod unit forjuPD70116 emulation 


IE-70116-1508 


Converts IE-70208/216-S008 to IE-70108/70116-S 


®CP/M-86 is a registered trademark for Digital Research Corporation. 

V25/35 Series Selection Guide 


Part Number 


Emulator 


EPROM Device 


//PD70108 (V20) 


IE-70108-S 


- 


//PD70116 (V30) 


IE-70116-S 


- 


A/PD70208 (V40) 


IE-70208-S 


- 


//PD70216 (V50) 


IE-70216-S 


- 


A<PD70320 (V25) 


IE-70322 


- 


/;PD70322 (V25) 


IE-70322 


//PD70P322 
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ASM75 

Description 

The 7500 series absolute assembler (ASM75) converts 
symbolic source code for the entire 7500 series micro- 
computer family into executable absolute address 
object code. The assembler verifies that each in- 
struction assembled is valid for the target micro- 
computer specified at assembly time. An object code 
file is produced in ASCII hexadecimal format and may 
be downloaded to a PROM programmer or hardware 
debugger. 

The NEC ASM75 is available for use on all NEC 
development systems and many other manufacturers' 
microcomputer development systems, personal com- 
puters, minicomputers, and mainframes. 

Features 

□ Absolute address object code output 

□ Macro definition capability 

□ Generic jump with optimization capability 

□ Conditional assembly options 

— Up to eight levels of nesting 

□ User-selectable and directable output files 

□ Runs under a variety of operating systems 

— CP/M-80® 

— CP/M-86® 

— MS-DOS® 

— ISIS-II 

□ Fortran IV ANSI X3.9-1966 source program avail- 
able 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 



Ordering Information 


Part Number 


Description 


ASM75-C81 


CP/M-80, 8" single-density floppy diskette 


ASM75-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


ASM75-I81 


ISIS-II, 8" single-density floppy diskette 


ASM75-I82 


ISIS-II, 8" double-density floppy diskette 


ASM75-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


ASM75-M81 


CP/M-86, 8" single-density floppy diskette 


ASM75-F9T1 


Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPI magnetic tape 




7-93 



//PD7500 



NEC 



7-24 



SEC 

NEC Electronics Inc. 



/J>D75000 SERIES 

SOFTWARE 

RELOCATABLE ASSEMBLER 

DEVELOPMENT TOOLS 



RA75X 

Description 

The RA75X relocatable assembler package converts 
symbolic source code for the//PD75104,//PD75106, and 
yuPD75108 4-bit, single-chip microcomputers into an 
executable absolute address object code. This package 
consists of three separate programs: a relocatable 
assembler (RA75X), a linker (LK75X), and an object 
code converter (OC75X). 

The RA75X translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target 
microcomputer specified at assembly time. LK75X 
combines multiple relocatable object modules into one 
absolute object module. OC75X produces an ASCII 
hexadecimal format object file. 

The RA75X relocatable assembler package is available 
for use on all NEC development systems and many 
other manufacturers' development systems and 
personal computers. 



Features 

□ Absolute address object code output 

□ User-selectable and directable output files 

□ Extensive error reporting 

□ Jump optimization 

□ Runs under a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

CP/M-86 is a registered trademark of Digital Research Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



Ordering Information 


Part Number 


Description 


RA75X-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA75X-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA75X-M81 


CP/M-86, 8" single-density floppy diskette 
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ASM87 

Description 

The 7800 series absolute assembler (ASM87) converts 
symbolic source code for the //PD7800, juPD7801, 
//PD7802, //PD78C05, ,uPD78C06, //PD7810, /UPD7811, 
andyuPD7816 microcomputers into executable absolute 
address object code. The assembler verifies that each 
instruction assembled is valid for the target micro- 
computer specified at assembly time. An object code 
file is produced in ASCII hexadecimal format and may 
be downloaded to a PROM programmer or hardware 
debugger. 

The NEC ASM87 is available for use on all NEC 
development systems and many other manufacturers' 
microcomputer development systems, personal com- 
puters, minicomputers and mainframes. 

Features 

□ Absolute address object code output 

□ Macro definition capability 

□ Generic jump with optimization capability 

□ Conditional assembly options 

— Up to eight levels of nesting 

□ User-selectable and directable output files 

□ Runs under a variety of operating systems 

— CP/M-80® 

— CP/M-86® 

— MS-DOS® 

— ISIS-II 

□ Fortran IV ANSI X3.9-1966 source program available 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 



Ordering Information 


Part Number 


Description 


ASM87-C81 


CP/M-80, 8" single-density floppy diskette 


ASM87-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


ASM87-I81 


ISIS-II, 8" single-density floppy diskette 


ASM87-I82 


ISIS-II, 8" double-density floppy diskette 


ASM87-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


ASM87-M81 


CP/M-86, 8" single-density floppy diskette 


ASM87-F9T1 


Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPI magnetic tape 
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RA87 

Description 

The RA87 relocatable assembler package converts 
symbolic source code for the entire 7800 family of 
8-bit, single-chip microcomputers into executable 
absolute address object code. This package consists 
of three separate programs: a relocatable assembler 
(RA87), ,#i$ inker (LK87), and an object converter 
(OC87). 

The RA87 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the specified 
target microcomputer. LK87 combines multiple relocat- 
able object modules into one absolute object module. 
OC87 produces an ASCII hexadecimal format object 
file. 

The RA87 relocatable assembler package is available 
for use on all NEC development systems and many 
other manufacturers' microcomputer development 
systems and personal computers. 

Features 

□ Absolute address object code output 

□ User-selectable and directable output files 

□ Extensive error reporting 

□ JMP/JRE optimization 

□ Runs under a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

CP/M-86 is a registered trademark of Digital Research Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



Ordering 


g Information 


Part Number 


Description 


RA87-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA87-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA87-M81 


CP/M-86, 8" single-density floppy diskette 
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RELOCATABLE ASSEMBLER 
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RA310 

Description 

The RA310 relocatable assembler package converts 
symbolic source code for the//PD78310 and /iPD78312 
8-bit, single-chip microcomputers into executable 
absolute address object code. This package consists 
of four separate programs: a relocatable assembler 
(RA310), a linker (LK310), a locator (LC310), and a 
librarian (LB310). 

RA310 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target 
microcomputer specified at assembly time. LK310 
combines multiple relocatable object modules into one 
relocatable object module. LC310 assigns addresses 
to the relocatable object module and produces both an 
ASCI I hexadecimal format object file and a symbol file 
for use by the 78000 series hardware emulators. LB310 
creates and maintains files containing relocatable 
object modules. When the library file is included in the 
input to LK310, the linker only extracts those modules 
required to resolve external references and links them 
into the relocatable object module. 

The RA310 relocatable assembler package is available 
for use on all NEC development systems and many 
other manufacturers' development systems, personal 
computers and minicomputers. 



Features 

□ Macro definition capability 

□ Conditional assembly options 

□ Jump optimization 

□ Runs under a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

— VAX/VMS® and VAX/UNIX® 

CP/M-86 is a registered trademark of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 



Ordering Information 


Part Number 


Description 


RA310-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA310-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA310-M81 


CP/M-86, 8" single-density floppy diskette 


RA310-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


RA310-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 
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Description 

The RA70320 Relocatable Assembler Package converts 
symbolic source code for the V25 (yuPD70320/ 
//PD70322) single-chip microcomputers into execut- 
able absolute address object code. The package con- 
sists of four separate programs: a relocatable assembler 
(RA70320), a linker (LK70320), a hexadecimal format 
object code converter (OC70320), and a librarian 
(LB70320). 

RA70320 translates a symbolic source module into a 
relocatable object module. LK70320 combines relocat- 
able object modules and absolute load modules and 
converts them into an absolute load module. OC70320 
produces an ASCI I hexadecimal format object file from 
either an absolute load or object module. LB70320 
creates and maintains files containing relocatable 
object modules. When the library file is included as 
input to the LK70320, only those modules required to 
resolve external references are extracted from the 
library, relocated and linked into the absolute load 
module. 



Ordering Information 


Part Number 


Description 


RA70320-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA70320-I81 


ISIS-II, 8" single-density floppy diskette 


RA70320-I82 


ISIS-II, 8" double-density floppy diskette 


RA70320-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA70320-M81 


CP/M-86, 8" single-density floppy diskette 


RA70320-VVT1 


VAX/VMS, 9 track 1600 BPI magnetic tape 


RA70320-VXT1 


VAX/UNIX, 9 track 1600 BPI magnetic tape 



CP/M-86 is a trademark of Digital Research Corporation. 
MS-DOS is a trademark of Microsoft Corporation. 
VAX and VMS are trademarks of Digital Equipment Corporation. 
UNIX is a trademark of AT&T. 



Features 

□ Absolute address object code output 

□ User-selectable and directable output files 

□ Extensive error reporting 

□ Powerful librarian 

□ Runs under a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

— ISIS/UDI 

— VAX/VMS® and VAX/UNIX® 
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Description 

The Evakit communication program (EVA) allows a 
variety of microcomputer development systems and 
personal computers to control NEC's Evakits and in- 
circuit emulators directly from the console of the host 
system. Once a particular emulator is selected from the 
EVA program's menu, EVA recognizes all legal com- 
mands for that emulator. In addition to the emulator 
standard commands, the EVA program provides com- 
mands to upload, download, and display disk files and 
directories, to save debug session on disk, to display 
command help files, and to exit from the program to the 
operating system. 

You can download to the emulator object code program 
files produced by a cross assembler on the host system 
and upload patched copies of the program from the 
emulatorto the disk for use in later debugging sessions. 
The disk display commands allow you to examine 
directories and files on the screen without having to 
exit the EVA program. This is extremely useful for 
checking a file before it is downloaded to the emulator 
or erased during an upload. The help command dis- 
plays a complete list of all legal commands for the 
chosen emulator with their proper syntax. There is a 
command to exit from the EVA program and to return to 
the operating system. The emulator is not affected, and 
emulation can be continued by invoking the EVA 
program again. 



The EVA program is supplied in executable format and 
is included with each NEC assembler. Executable 
versions are available for the following host systems: 

Intel MDS-220/330 under ISIS-II 

NEC APC under CP/M-86® 

IBM PC or PC/XT® under CP/M-86 or PC-DOS® 

IBM PC/AT® under PC-DOS 

Source code is available and may be modified to 
support other CP/M-80®, CP/M-86, MS-DOS®, and 
ISIS-II based systems. 

The EVA program supports all current Evakits and in- 
circuit emulators and is periodically updated as new 
emulators are introduced. 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

PC/XT, PC-DOS, and PC/AT are registered trademarks of 
International Business Machines Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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MD-086 FLOPPY AND HARD DISK DRIVE SYSTEM 





Description 

The MD-086 series microcomputer development 
systems are a series of disk based, multi-user, multi- 
tasking systems supporting the development of 
products using NEC's microcomputers and micro- 
processors. Available in either a floppy disk-based or 
floppy/hard disk-based configuration, the MD-086 may 
be coupled with NEC's stand-alone evaluation kits 
(Evakits) or in-circuit emulators (lEs) to provide a 
complete integrated software and hardware develop- 
ment system. 

Based on NEC's //PD8086 16-bit microprocessor, run- 
ning Digital Research's MP/M-86® operating system, 
the MD-086 gives you access to all NEC's assemblers, 



simulators, high level language compilers, and all other 
CP/M-86® application software. 

The MD-086FD-10 (floppy disk-based) consists of two 
units: the system chassis (housing all the electronics) 
and the system console (an ANSI standard X3.64 
terminal.) The MD-086HD-10 (floppy/hard disk based) 
consists of three units: the system chassis, the hard 
disk chassis and the system console, and an ANSI 
standard terminal. Additional terminals may be added 
to the system as required, thereby lowering the system 
cost per user. 

MP/M-86 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 
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Features 

D MP/M-86 multi-user/multi-tasking operating system 

— Supports up to three users 

— Supports multi-tasking at each user terminal 

□ 51 2K bytes of system memory 

— Optional expansion to 1M byte total 

□ Two 1M byte 8" double-sided floppy disk drives 

□ Optional 35M byte hard disk 

□ 64K byte memory disk 

□ Two parallel printer ports 

□ IEEE-796 bus-based with 5 vacant slots for future 
expansion 

□ Separate ANSI standard X3.64 system console 



Ordering Information 


Part Number 


Description 


MD-086FD-10 


MD-086 series, floppy disk-based system 


MD-086HD-10 


MD-086 series, floppy/hard disk-based system 


MD-086DK 


Hard disk upgrade for MD-086FD-10 


MD-910TM 


Character display terminal 



Hardware Description 

System Chassis 

The system chassis of the MD-086 series houses a 
multiprocessor system, two 8" doubled-sided floppy 
disk drives, an IEEE-796 cardcage, power supply, and 
fans. Utilizing the industry standard IEEE-796 bus as 
its internal system bus, NEC's MD-086 series with 
several vacant slots, can easily be expanded to meet 
tommorrbw's technological advances. 

The multiprocessor architecture of the MD-086 series 
permits the master CPU to offload the time consuming 
tasks of data storage/retrieval and system I/O proces- 
sing to its intelligent peripheral boards, significantly 
increasing the multi-user/ multi-tasking capabilities of 
the operating system. This multiprocessor system is 
composed of a //PD8086 master CPU board, a 512K- 
byte memory board, a//PD780-based intelligent floppy 
disk controller (FDC) board, a yuPD8088-based intel- 
ligent system controller board (SCB), and an optional 
//PD780-based intelligent hard disk controller (HDC) 
board. 

System Boards 

The master CPU board is the heart of the system. 
Utilizing a/uPD8086 microprocessor running at 5 MHz, 
it controls the operation of the multi-user/multi-pro- 



gramming operating system. The CPU board also 
contains the bootstrap loader PROM and the system 
work RAM, interrupt controller, and timer. 

A single 51 2K-byte memory board provides the system 
memory and is accessed by either the master CPU 
board, the floppy disk controller board, or the optional 
hard disk controller board. System memory can be 
expanded to 1M byte by adding additional IEEE-796 
bus memory boards. 

The FDC board is an intelligent floppy disk controller 
board using NEC's //PD765A floppy disk controller 
chip to control up to four 8" double-sided floppy disk 
drives in either single or double-density format. Con- 
taining an NEC /(/PD780-1 microprocessor with 8K of 
PROM, 64K of RAM, and a DMA controller, the FDC 
board controls the transfer of data between the system 
memory and the floppy disk. 

The HDC board is an intelligent hard disk controller 
board using NEC'syuPD7261A hard disk controller chip 
to control up to two SMD interface hard disk drives. 
Containing an NEC //PD780-1 microprocessor with 
8K PROM, 18K of RAM, and a DMA controller, the HDC 
board controls the transfer of data between the system 
memory and the hard disk. 

The SCB is an intelligent I/O controller board using an 
NEC /uPD8088 microprocessor with up to 16K bytes of 
PROM and 64K bytes of RAM to control the system 
console, the serial communication channels, the printer 
ports, and the paper tape interfaces. 

The master CPU writes commands into the dual- 
ported memories on the FDC, HDC, and SCB boards. 
Each board executes its command with no further 
intervention by the master CPU. This increases the 
system performance of the MD-086 series. 

The two 8" doubled-sided floppy disk drives provide 
approximately 2M bytes of data storage capacity. 
Single-sided diskettes are recorded in single-density 
to provide compatibility with other CP/M-86 and 
MP/M-86 systems. Double-sided diskettes are recorded 
in double-density providing a maximum storage cap- 
acity of 972K bytes per diskette. 

Hard Disk Chassis 

The optional hard disk chassis houses one 8" SMD 
interface hard disk drive capable of storing 32M bytes 
of formatted data, the power supply, and fans. A ready 
indicator, along with a write protect switch/indicator, 
and a fault switch/indicator are also provided. 



7-38 



NEC 



MD-086 SERIES 



System Console 

The MD-910TM, an ANSI standard X3.64 CRT terminal, 
is provided as the system console for the MD-086 
series microcomputer development systems. To take 
advantage of the multi-user features of the MD-086 
series, additional ANSI standard terminals may be 
purchased separately from NEC Electronics Inc. or 
other manufacturers. 

Software Description 

The MD-086 series incorporates Digital Research's 
MP/M-86 operating system providing you a compact 
multi-user, multitasking operating system. Each user 
has complete access to all of the MP/M-86 facilities and 
may execute multiple programs simultaneously. 

The powerful MP/M-86 file system manages all files 
and file directories, dynamically allocating, and re- 
leasing disk space as required. Designed for the multi- 
user environment, it enhances file integrity by permit- 
ting files to be opened in one of three modes: locked, 
unlocked, and read only modes. In locked mode, only 
one user may open a specific file at a given time, while 
in unlocked mode multiple users/programs may open 
the same file. Read only mode, permits a file to be 
opened by more than one process but it cannot be 
changed. 

Optional password protection is available at both the 
file and disk level, providing protection for a particular 
user's files. MP/M-86's extended directories allow files 
to be dated and time stamped. Each file may have up to 
two date and time stamps: one reflects the date and 
time of the last update and the other the date of the last 
access or file creation. 

All files generated on CP/M® 8" diskette systems may 
be read under MP/M-86, allowing you to easily transport 
existing software routines to the MD-086 series. Hard- 
ware-independent CP/M-86 application programs can 
be run, giving you access to a wide variety of third party 
software. 

A 64K-byte memory disk residing in system memory is 
available for high speed file processing, significantly 
improving the overall performance of the MD-086 
series microcomputer development systems. 

The MD-086 series contains a PROM-resident monitor 
program which may be used for juPD8086 program 
development/debugging. This monitor program is 
entered automatically if there is no MP/M-86 system 
disk in drive A when the reset switch is pressed. Some 
of the main features of the MD-086 monitor are: 

□ Display, fill, substitute, compare, transmit, or test the 
contents of memory. 



□ Display and modify user registers. 

□ Read and write to the floppy disks and paper tape. 

□ Set breakpoints and execute user's program. 

D Single-step and trace executing user's program. 

Note: 

CP/M is a registered trademark of Digital Research Corporation. 

MD-086 Series Utilities 

The following utility programs are supplied with the 
MD-086 series: 

ABORT Stops the specified process 

ASM86 Absolute assembler for //PD8086/8088 

ATTACH Attaches program to its console 

BACKUP Makes a complete backup copy of a 

disk 
CLEAR Clears the system console screen 

CONSOLE Displays console number 
DDT86 Dynamic debugging tool for 

//PD8086/8088 
DIR Displays disk directory of filenames 

DSKRESET Resets drives 
ED Line-oriented editor 

ERA Erases a file 

ERAQ Erases a file only after confirmation 

FORMAT Formats floppy disks 

GENCMD Converts H86 file to CMD file 

GENSYS Generates MP/M-86 operating system 

HDBACKUP Makes backup of hard disk logical 

drive 
HDDUMP Displays and changes contents of 

hard disk 
HDFORMAT Initializes hard disk logical drives 
MPMSTAT Displays MP/M-86 internal status 
PHFORMAT Physically formats hard disk 
PIP Copies files 

PRINTER Displays and sets the printer number 

REN Renames files 

SDIR Displays disk directory with options 

SET Sets disk and file protection levels, 

file attributes, and file time stamping 
SHOW Displays disk status and protection 

levels 
SPOOL Spools files to the list device 

STAT Displays, set files, and disk status 

STOPSPLR Stops the spooler 
SUBMIT Executes batch processing 

SYSCPY Copies system loader and MPM.SYS 

TOD Displays and sets time of day 

TYPE Displays ASCII file contents at 

console 
USER Displays and sets user number 

YEAR Sets the year 
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Five of these utilities have been incorporated into the 
operating system as resident system processes (RSPs) 
and reside in system memory. They can be executed 
without disk accesses, increasing the performance of 
the system. The RSPs in the MD-086 series include: 
ABORT, DSKRESET, MPMSTAT, PRINTER, and USER. 

MD-086 Series Development Environment 

The MD-086 series microcomputer development 
systems have been designed to provide a integrated 
software and hardware development environment for 
all NEC proprietary microcomputers, microprocessors, 
and digital signal and image processing components. 
For software development, a complete family of 
absolute and relocatable assemblers, high level lang- 
uage compilers, and digital signal and image processor 
simulators are available for the MD-086 Series. For 
software and hardware debug, NEC in-circuit emulators 
and Evakits can be controlled directly from the MD-086 
series consoles. 

Evakit communication programs are available for con- 
trolling all stand-alone Evakits via a serial link directly 
from any console of the development system. These 
programs provide program upload and download cap- 
ability plus a full line assembler and disassembler. 

Up to three in-circuit emulators can be plugged directly 
in the IEEE-796 backplane of the MD-086 series and 
controlled by the appropriate IE control program. In 
this bus-coupled configuration, your program debugg- 
ing capabilities are greatly enhanced with the addition 
of symbolic debug, macro command file capability, and 
improved file upload/download times. 

With the MD-086 series microcomputer development 
systems, you will always have access to development 
tools for NEC's newest components at the earliest 
possible time. 

Documentation 

The following documentation is supplied with the 
system. Additional copies may be obtained from NEC 
Electronics Inc. 

• MD-086FD-10 Installation Manual 

• MD-086FD-10 MP/M-86 Implementation Manual 

• MD-910TM Terminal User Manual 

• MP/M-86 Multi-Process Monitor User's Guide* 

• MP/M-86 Operating System Guide* 

• MP/M-86 Multi-Process Monitor Programmer's 
Guide* 

'Additional copies may be obtained from Digital Research. 



Equipment 

The following equipment is supplied with the system: 



MD-086FD-10 


• 1 

• 2 


System chassis 
RS-232C serial cables 


• 1 

• 1 

• 1 

• 2 

• 2 

• 1 


Centronics printer cable 

Line cord and ground adapter 

Spare fuse 

On -off keys 

Male DB-25 solder type connectors/shells 

Set of disk drive labels 


• 2 

• 1 


8" floppy diskettes 
MP/M-86 system disk 
MP/M-86 gensys disk 
MD-910TM system console 
1 RS-232C cable 


— 


1 TTL level cable 


• 1 


1 Line cord and ground adapter 
Set of documentation 



MD-086HD-10 

• 1 MD-086FD-10 system 

• 1 MD-086DK 

MD-086DK hard disk upgrade 

• 1 Hard disk chassis 

• 1 HDC board 

• 1 Set of interconnecting cables 

• 1 Line cord and ground adapter 

Specifications 

Processors 

Main //PD8086C, 5 MHz, CPU Board 

Slave J/PD780C-1, 4 MHz, FDC Board 

yuPD8088C-2, 6.5536 MHz, SCB Board 
A/PD780C-1, 4 MHz, HDC Board 

System Memory 

512K-byt.es of dynamic RAM (1 M byte total — optional) 

Operating system area 
Memory Disk 
User's Area 



64K bytes 
64K bytes 
384Kbyte 
(896K bytes optional) 



External Memory 

Two double-sided 8" floppy disk drives 

— 2M-byte maximum capacity 

Optional SMD Interface 8" hard disk drive 

— 32M-byte formatted capacity 
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Bus Structure 

IEEE-796Bus 

— 5 spare slots in MD-086FD-10 

— 4 spare slots in MD-086HD-10 



Serial Interfaces 

System console 
Serial interfaces 



RS-232C/TTL 1 channel 
RS-232C 1 channel 

RS-232C/TTL 4 channel 



Parallel Interfaces 

Centronics printer interface 2 channel 

Operating System 

MP/M-86, version 2.0 with NEC proprietary enhance- 
ments. 



Environmental Specifications 

Temperature: —20 to +40 °C, non-operating 

+10 to +40°C, operating 
Humidity: 10 to 90% relative humidity, 

non-operating 

30 to 80% relative humidity, operating 

(without condensation) 

Electrical Characteristics 

FCC: Class A 

AC Requirements: 

System chassis: 90-132 V, 50/60 Hz ±2%, 5A 
System console: 90-132 V, 50/60 Hz ±2%, 2A 



Physical Characteristics 












System Console 




System Chassis 


CRT 




Keyboard 


Width 16.75 in (425 mm) 


14.25 in (362 mm) 




18.5 in (470 mm) 


Height 11.77 in (299 mm) 


14.29 in (363 mm) 




1.50 in (38 mm) 


Depth 24.21 in (615 mm) 


13.46 in (342 mm) 




7.44 in (189 mm) 


Weight 59.40 lb (27 kg) 


19.95 lb (9 kg) 




4.41 lb (2 kg) 



E 
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MD-910TM CHARACTER 

DISPLAY TERMINAL 

DEVELOPMENT TOOL 



Description 

The MD-910TM character display terminal is an ANSI 
standard CRT terminal used as the system console of 
the MD-086 series microcomputer development system. 
The MD-910TM can also be used as an additional 
console for this system, or as an external terminal for 
any stand-alone Evakit or in-circuit emulator. 

Features 

□ Multiple emulation modes 

— ANSI standard X3.64 (VT100 compatible) 

— VT52 (Digital Equipment Corporation) 

□ Amber 12" nonglare screen 

□ Tilt/swivel display 

□ Detached low-profile keyboard conforming to DIN 
standard 

— ASCII keys, numeric keypad, four function keys 

□ Total software set-up feature 

□ Smooth, jump, or partial scrolling 

□ 80/132 columns by 24-line display 

□ Standard, double width, or double height/width 
characters 

□ Blinking block, blinking underline, or invisible cursor 

□ Display attributes 

— Normal, bold, blinking, reverse, underscore, 
overline, and vertical line 

□ Display status LEDs on keyboard 

□ Software selectable serial interface 

— RS-232C, TTL, 20 mA current loop 

— 7- or 8-bit character with odd, even, or no parity 

— Full or half-duplex operation 

— Transfer rate: 50 to 19200 BPS 

□ Power-on, self-diagnostic function and data analyzer 
mode 

□ Centronics printer port 

Equipment 

The following equipment is supplied with the 
MD-910TM terminal: 

1 Display terminal 

1 Keyboard with attached cable 

1 RS-232C serial interface cable 

1 TTL serial interface cable 

1 AC power cord and ground adapter 

1 Spare fuse 

1 MD-910TM user's manual 



Physical Characteristics 




Dimension 


Display 


Keyboard 


Width 


14.25 in (362 mm) 


18.05 in (470 mm) 


Height 


14.49 in (363 mm) 


1.50 in (38 mm) 


Depth 


13.46 in (342 mm) 


7.44 in (189 mm) 


Weight 


19.95 lb (9 Kg) 


4.41 lb (2 Kg) 



Environmental Specifications 

Temperature: to 40 °C 

Relative Humidity: 30 to 80% , non-condensing 

Electrical Characteristics 

FCC: Class A 

Power: 90-132 V AC, 50/60 Hz ±2%, 2A 

Ordering Information 



Part Number 



Description 



MD-910TM 



Character display terminal 
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PG 1000 PROM 
PROGRAMMER 



Description 

The PG1000 is NEC's PROM Programmer for use with 
the MD-086 Series Development Systems and certain 
NEC Emulators. With the use of interchangeable per- 
sonality modules, the user can tailor the PG1000 to 
support various NEC single-chip microcomputers. The 
user controls the PG1000 via the serial interface from 
either a host computer or an external terminal, or 
directly from the on-board keypad in stand-alone 
mode. 

Features 

□ Interchangeable personality modules 

□ 16K of data RAM 

□ Address/data display and mode specification LEDs 

□ Flexible membrane keypad 

□ Three modes of operation 

— Host computer controlled 

— External terminal controlled 

— Stand-alone operation 

□ Serial interface: RS-232C, TTL, or 20-mA current 
loop 

D Parallel interface: TTL (two-wire handshake) 



PG1000 Personality Modules 

PG1003 

The PG1003 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program the//PD78P09R, the EPROM version forthe 
//PD7808 and /iPD7809 8-bit, single-chip microcom- 
puters. The PG1003 supports two programming modes: 
high-speed writing mode and normal writing mode. 

PG1005 

The PG1005 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program the//PD75P108, the EPROM version forthe 
//PD75104, //PD75106, and yuPD75108 4-bit, single-chip 
microcomputers. Interchangeablesocket adapters are 
provided with the PG1005 to allow programming both 
shrink dip and flat packages. 
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Section 8 — Packaging Information 

Package/Device Cross Reference 8-3 

20-Pin Plastic Shrink DIP (300 mil) .8-5 

20-Pin Plastic SO (Small Outline) (300 mil) 8-5 

24-Pin Plastic Shrink DIP (300 mil) 8-6 

24-Pin Plastic SO (Small Outline) (300 mil) 8-6 

28-Pin Plastic DIP (600 mil) 8-7 

28-Pin Plastic Shrink DIP (400 mil) 8-7 

40-Pin Plastic DIP (600 mil) 8-8 

40-Pin Plastic Shrink DIP (600 mil) 8-8 

40-Pin Ceramic Piggyback DIP (600 mil) 8-9 

40-Pin Cerdip with Window (600 mil) 8-9 

42-Pin Plastic DIP (600 mil) 8-10 

42-Pin Plastic Shrink DIP (600 mil) 8-10 

42-Pin Ceramic Piggyback DIP 8-11 

44-Pin Plastic Miniflat 8-11 

52-Pin Plastic Miniflat 8-12 

54-Pin Plastic Miniflat 8-12 

54-Pin Plastic Miniflat (Inverted leads) 8-13 

64-Pin Plastic Shrink DIP (750 mil) 8-13 

64-Pin Plastic Miniflat 8-14 

64-Pin Plastic QUIP 8-14 

64-Pin Shrink Cerdip with Window 8-15 

64-Pin Ceramic QUIP with Window 8-15 

64-Pin Ceramic Piggyback QUIP 8-16 

68-Pin Plastic Leaded Chip Carrier (PLCC) 8-16 

80-Pin Plastic Miniflat 8-17 

84-Pin Plastic Leaded Chip Carrier (PLCC) 8-17 
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Package/ Device Cross Refc 


»rence 

Device 








Package 


Package 


Device 




20-Pin Plastic Shrink DIP (300 mil) 


//PD7554CS 


42-Pin Plastic Shrink DIP (600 mil) yuPD7527ACU 






//PD7564CS 




//PD7528ACU 
yt/PD7533CU 
//PD7537ACU 
//PD7538ACU 




20-Pin Plastic SO (Small Outline) 
(300 mil) 


//PD7554G 
//PD7564G 




24-Pin Plastic Shrink DIP (300 mil) 


//PD7556CS 










/iPD7566CS 


42-Pin Ceramic Piggyback DIP 


/t/PD75CG28E 
//PD75CG33E 










24-Pin Plastic SO (Small Outline) 


//PD7556G 




A/PD75CG38E 




(300 mil) 


/iPD7566G 


44-Pin Plastic Miniflat 


,c/PD48G-22 




28-Pin Plastic DIP (600 mil) 


/yPD7506C 
//PD7507SC 




yuPD49HG-22 
//PD50HG-22 
//PD7507HG-22 




28-Pin Plastic Shrink DIP (400 mil) 


/UPD7506CT 






//PD7507SCT 




//PD7508HG-22 




40-Pin Plastic DIP (600 mil) 


//PD7507C 
//PD7507HC 




yuPD7533G-22 
^PD80C42G-22 






//PD7508C 


52-Pin Plastic Miniflat 


//PD7225G-00 






//PD7508HC 




//PD7506G-00 






//PD7508AC 




//PD7507G-00 






yuPD8035HLC 




//PD7508G-00 






//PD80C35C 




A/PD80C48G-00 






//PD8039HLC 




//PD80C49HG-00 






/yPD80C39HC 


54-Pin Plastic Miniflat 


/yPD6307G-F 






/iPD80C40HC 
^PD8041AHC 




/yPD6308G-F 






54-Pin Plastic Miniflat 


//PD6307G-R 






//PD80C42C 


(inverted leads) 


//PD6308G-R 






/UPD8048HC 
A/PD80C48C 
yuPD8049HC 


64-Pin Plastic Shrink DIP 
(750 mil) 


A/PD7516HCW 

//PD7519CW 

//PD7519HCW 






/iPD80C49HC 




//PD7807CW 






A/PD80C50HC 




//PD7808CW 






,uPD8748HC 
iuPD8749HC 




juPD7809CW 
//PD7810CW 












40-Pin Plastic Shrink DIP (600 mil) 


/UPD7507CU 

/yPD7507HCU 

,uPD7508CU 




//PD78C10CW 
//PD7810HCW 
//PD7811CW 






//PD7508HCU 




yuPD78C11CW 


W! 


40-Pin Ceramic Piggyback DIP 


//PD75CG08E 




yuPD7811HCW 


J» 


(600 mil) 


A(PD75CG08HE 




//PD78C14CW ' 




40-Pin Cerdip with Window (600 mil) 


//PD8741AD 
//PD8748HD 
//PD8749HD 




//PD75104CW 
/UPD75106CW 

//PD75108CW 
A«PD75P108CW 




42-Pin Plastic DIP (600 mil) 


//PD7527AC 






//PD7528AC 




//PD78310CW 






//PD7533C 
//PD7537AC 




yuPD78312CW 














//PD7538AC 
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Package/ Device Cross Reference 

Package Device 

64-Pin Plastic Miniflat //PD7227G-12 

yuPD7501G-12 
//PD7502G-12 
/iPD7503G-12 
//PD7516HG-12 

//PD7519G-12 

//PD7519HG-12 

//PD78C06AG-12 

yuPD78C10G-1B 

yuPD78C11G-1B 

yuPD78C14G-1B 

//PD72030G-12 

A»PD75104G-1B 

yuPD75106G-1B 

/UPD75108G-1B 

A*PD75P108G-1 B 

//PD78310G-1B 

//PD78312G-1B 



64-Pin Plastic QUIP 



,uPD7500HG-36 

yuPD7500HG-E-36 

yuPD7516HG-36 

,uPD7519G-36 

,uPD7519HG-36 

A«PD78C05AG-36 

A(PD7807G-36 

//PD7808G-36 

//PD7809G-36 

//PD7810G-36 



Package 



Device 



64-Pin Plastic QUIP (cont) 



AfPD78C10G-36 

//PD7810HG-36 

/UPD7811G-36 

A«PD78C11G-36 

//PD7811HG-36 

/UPD78C14G-36 
A/PD78310G-36 
//PD78312G-36 
/I/PD78P312G-36 



64-Pin Shrink Cerdip with Window /C/PD75P108DW 
64-Pin Ceramic QUIP with Window //PD78P09R 



64-Pin Ceramic Piggyback QUIP 



68-Pin Plastic Leaded Chip 
Carrier (PLCC) 



80-Pin Plastic Miniflat 



juPD75CG16HE 
//PD78PG11E 
A/PD75CG19E 
A/PD75CG19HE 



yuPD78C10L 
AJPD78C11L 
//PD78C14L 
//PD78310L 
//PD78312L 



//PD7228G-12 
/UPD7514G-12 
/yPD70320G-12 
A/PD70322G-12 



84-Pin Plastic Leaded Chip yuPD70320L 

Carrier (PLCC) //PD70322L 
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20-Pin Plastic Shrink DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


19.57 max 


.771 max 


B 


1.78 max 


.070 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ±.10 


•°< 005 


E 


16.0 


.630 


F 


.85 min 


.033 min 


G 


3.2 ±.3 


.126 ±.012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


7.62 [TP] 


.300 [TP] 


L 


6.5 


.256 


M 


25 + - 10 
■" -.05 


■™ + -Z 



Note: 

[1 ] Each lead centerline is located within 

.17 mm [.007 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 
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20-Pln Plastic SO (Small Outline) (300 mil) 



Item 


Millimeters 


Inches 


A 


13.00 max 


.512 max 


B 


.78 max 


.031 max 


C 


1.27 [TP] 


.050 [TP] 


D 


<0°5 


■™ + -Z 


E 


.1 ±.1 


.004 ±.004 


F 


1.8 max 


.071 max 


G 


1.55 


.061 


H 


7.7 ±.3 


.303 ±.012 


I 


5.6 


.220 


J 


1.1 


.043 


K 


■<„5 


-!: 002 


L 


.6 ±.2 


■™ + -Z 



Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 
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24-Pln Plastic Shrink DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


23.12 max 


.911 max 


B 


1.78 max 


.070 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ±.10 


«+£ 


E 


19.558 


.770 


F 


.85 min 


.033 mln 


G 


3.2 ±.3 


.126 ±.012 


H 


.51 mln 


.020 mln 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


7.62 [TP] 


.300 [TP] 


L 


6.5 


.256 


M 


« + n< 
-.05 


*»+;£ 



Note: 

[1] Each lead centerllne Is located within 

.17 mm [.007 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 
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24-Pln Plastic SO (Small Outline) (300 mil) 



Item 


Millimeters 


Inches 


A 


15.54 max 


.612 max 


B 


.78 max 


.031 max 


C 


1.27 [TP] 


.050 [TP] 


D 


.i, +-10 
40 -.05 


*-3S 


E 


,1±.1 


.004 ±.004 


F 


1.8 max 


.071 max 


G 


1.55 


.061 


H 


7.7 ±.3 


.303 ±.012 


1 


5.6 


.220 


J 


1.1 


.043 


K 


<0°5 


~±z 


L 


.6 ±.2 


«3S 



Note: 

[1] Each lead centerllne is located within 
.12 mm (.005 inch] of its true 
position [TP] at maximum material 
condition. 
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28-Pln Plastic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


38.1 max 


1.5 max 


B 


2.54 max 


.10 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ±.10 


02 +0M 
Vi -.005 


E 


33.02 


1.3 


F 


1.2 min 


.047 min 


G 


3.6 ± .3 


.142 ± .012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP] 


L 


13.2 


.52 


M 


25 +' 10 
"" -.05 


01 +004 
-.003 



AAAAAAAAAAAAAA 
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Notes: 1. Each lead centerllne is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center of leads when 
formed parallel. 
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28-Pln Plastic Shrink DIP (400 mil) 



Item 


Millimeters 


Inches 


A 


28.46 max 


1.121 max 


B 


2.67 max 


.106 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ±.10 


02 +004 
Mi -.005 


E 


23.114 


.91 


F 


.9 min 


.035 min 


G 


3.2 ±0.3 


.126 ±.012 


H 


.51 min 


.020 min 


I 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


10.16 [TP] 


.400 [TP] 


L 


8.6 


.339 


M 


25 +1 ° 
25 -.05 


„. + .004 
01 -.003 



Notes: 

1. Each lead centerllne Is located within 

.17 mm [.007 inch] of Its true position [TP] 
at maximum material condition. 

2. Item "K" to center of leads when formed 
parallel. 
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40-Pin Plastic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TPJ 


D 


.50 ± .10 


-+£ 


E 


48.26 


1.900 


F 


1.2 min 


.047 min 


G 


3.6 ± .3 


.142 ±.012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP) 


.600 [TP] 


L 


13.2 


.520 


M 


.25 + 1 ° 
-.05 


.„ +.004 
010 -.003 



Notes: 

[1] Each lead centerllne is located within .25 

mm [.010 inch] of its true position [TP] at 

maximum material condition. 
[2] Item "K" to center of leads when formed 

parallel. 
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40-Pin Plastic Shrink DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


39.13 max 


1.541 max 


B 


2.67 max 


.106 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ± .10 


.020 ± .004 


E 


33.78 


1.330 


F 


.9 min 


.035 min 


G 


3.2 ± .3 


.126 ±.012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.2 


.520 


M 


25 + 1 ° 
"-.05 


■"•+£ 



Note: 

[1] Each lead centerllne is located within 
.17 mm [.007 inch] of its true position 
[TP] at maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 
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40-Pin Ceramic Piggyback DIP (600 mil) 



Item 


Millimeters 


inches 


A 


53.34 max 


2.1 max 


B 


20.32 


.8 


C 


2.54 ± .25 


.1 ± .01 


D 


0.46 ± .05 


.018 ± .002 


E 


48.26 


1.9 


F 


1.02 


.04 


G 


3.2 min 


.126 min 


H 


1.02 min 


.04 min 


1 


3.0 max 


.118 max 


J 


4.32 max 


.17 max 


K 


15.24 


.6 


L 


15.24 


.6 


M 


.25 ± .05 


.01 ± .002 


N 


33.02 


1.3 


O 


2.54 + .25 


.1 ± .01 



* 
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40-Pin Cerdlp with Window (600 mil) 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ±.10 


-.005 


E 


48.26 


1.900 


F 


1.2 min 


.047 min 


G 


3.5 ±.3 


.138 ±.012 


H 


.51 min 


.020 min 


1 


3.80 


.150 


J 


5.08 max 


.200 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.21 


.520 


M 


.25 ±.05 


"•32 


N 


7.62 


0.300 



Note: 

[1] Each lead centerline is located within 

.25 mm [.01 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 



AAAAAAAAAAAAAAAAAAAft 




WWWWWWF£n=n=TOTW 




— »\\-» — d — H c r — 



T^: 



^JL 



V 



0.-15° 

83-003785B 



8-9 



PACKAGING INFORMATION 



NEC 



42-Pin Plastic DIP (600 mil) 



[1 ] Each lead centerline is located within .25 
mm [.01 inch] of its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 



Item 


Millimeters 


Inches 


A 


55.88 max 


2.200 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.5±.1 


«3S 


E 


50.8 


2.000 


F 


1.2 min 


.047 min 


Q 


3.6 ± .3 


.142 ± .012 


H 


.51 min 


.020 min 


I 


4.31 max 


.170 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.2 


.520 


M 


25 + 1 ° 
"-.05 


■™ + -Z 
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42-Pin Plastic Shrink DIP (600 mil) 



[1] Each lead centerline is located within .17 
mm [.007 inch] of its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 



Item 


Millimeters 


Inches 


A 


39.13 max 


1.541 max 


B 


1.78 max 


.070 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ± .10 


020 + *» 
-.005 


E 


35.57 


1.400 


F 


.9 min 


.035 min 


G 


3.2±.3 -■■. 


.126 ± .012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.2 


.520 


M 


25 + 1 ° 
" -.05 


10 +.004 
-.003 



flflflflflftflftflflflflftflflAflflflflfl 



wwwwwwwwmw 




' j 



HL 



V 



8-10 



NEC 



PACKAGING INFORMATION 



42-Pln Ceramic Piggyback DIP 



Item 


Millimeters 


Inches 


A 


55.88 max 


2.200 max 


B 


20.32 


.800 


C 


2.5 ± .25 


.100 ±.010 





0.46 ± .05 


.018 ± .002 


E 


50.80 


2.000 


F 


1.02 


.040 


G 


3.2 min 


.126 min 


H 


1.02 min 


.040 min 


1 


3.0 max 


.118 max 


J 


4.32 max 


.170 max 


K 


15.24 


.600 


L 


15.24 


.600 


M 


.25 ± .05 


.001 ± .010 


N 


33.02 


1.300 





2.54 ± .25 


.100 ±.010 
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44-Pin Plastic Minlflat 



Item 


Millimeters 


Inches 


A 


13.6 ±.4 


535 + 017 
535 -.016 


B 


10 ±.2 


394 + 008 
■ 3M -.009 


C 


10 ±.2 


■394 + -°°! 
-.009 


D 


13.6 ±.4 


535 + 017 
• S3S -.018 


E 


8.0 


.315 


F 


1.0 


.039 


G 


1.0 


.039 


H 


35 + - 20 
35 -.10 


•<"« + -nn1 
-.005 


1 


.8 [TPJ 
Notel 


.031 [TP] 


J 


1.8 ±.2 


*"+£ 


K 


1.0 ±.2 


~ + -% 


L 


15 + 1 ° 
15 -.05 


*»+:£ 


M 


.15 
Note 2 


.006 


N 


1.45 ±.1 


«3S 


O 


0.0 ±.1 


0.000 ±.004 


P 


1.65 max 


.065 max 
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Note: 

[1] Each lead centerline is located within 
.15 mm [.006 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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52-Pln Plastic Mlnlflat 



Item 


Millimeters 


Inches 


A 


21.0 ±.4 


.827 ±.016 


B 


14 ±.2 


551 + 009 
■ 5S1 -.008 


C 


1.0 [TP] 
Notel 


.039 [TP] 


D 


.40 ±.10 


016 + 004 
-.005 


E 


1.0 


.039 


F 


3.5 ±.2 


■™ + -Z 


G 


2.2 ±.2 


■™ + -Z 


H 


.15 + !° 

-.05 


■™ + -Z 


1 


.15 
Note 2 


.006 


J 


2 6 + 02 
-.01 


-.004 


K 


.1 ±.1 


.004 ±.004 



Note: 

[1] Each lead centerline Is located within 
.20 mm [.008 Inch] of Its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 








-4> 



54-Ptn Plastic Mlnlflat 



Item 


Millimeters 


Inches 


A 


13.5 ±.4 


531 + 017 
531 -.016 


B 


9.5 ±.2 


.374 ±.008 


C 


9.5 ±.2 


.374 ±.008 


D 


13.5 ±.4 


531 + 017 
531 -.018 


E 


8.45 


.333 


F 


.5 


.020 


G 


.85 


.033 


H 


.30 ±.10 


■™ + -Z 


I 


.65 [TP] 
Notel 


.026 [TP] 


J 


2.0 ±.2 


■™ + -Z 


K 


1.2 ±.2 


■™ + -Z 


L 


15 +' 10 
-.05 


~3S 


M 


.15 
Note 2 


.006 


N 


1.5 ±.1 


.059 ±.004 


O 


0.1 ±.1 


0.004 ±.004 


P 


0.1 ±.1 


0.004 ±.004 


Q 


1.8 max 


.071 max 



Note: 

[1] Each lead centerline is located within 
.15 mm [.006 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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PACKAGING INFORMATION 



54-Pin Plastic Mini flat (inverted leads) 






Item 


Millimeters 


Inches 


A 


13.9 ±.4 


■*"=«« 


B 


9.5 ±.2 


.374 ±3)u8 


C 


9.5 ±.2 


.374 ±.008 


D 


13.9 ±.4 


.547 ±.016 


E 


8.45 


.333 


F 


.5 


.020 


G 


.85 


.033 


H 


.30 ±.10 


™ + -Z 


1 


.65 [TP] 
Notel 


.026 [TP] 


J 


2.2 ±.2 


•-+Z 


K 


.9 ±.2 


"32 


L 


15 + 10 
1 -.05 


■"+:£ 


M 


.15 
Note 2 


.006 


N 


1.5 ±.1 


.059 ±.004 


O 


0.1 ±.1 


0.004 ±.004 


P 


0.1 ±.1 


0.004 ±.004 


Q 


1.8 max 


.071 max 



Note: 

[1] Each lead centerline is located within 
.15 mm [.006 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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64-Pin Plastic Shrink DIP (750 mil) 



Item 


Millimeters 


Inches 


A 


58.68 max 


2.311 max 


B 


1.78 max 


.07 max 


C 


1.778 [TP] 


.07 [TP] 


D 


.5 ±.10 


02 + 004 
• u - .005 


E 


55.12 


2.17 


F 


.9 min 


.035 min 


G 


3.2 ±.3 


.126 ±.012 


H 


.51 min 


.02 min 


I 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


19.05 [TP] 


.75 [TP] 


L 


17 


.669 


M 


.25 + 1 ° 
- .05 


01 +004 

• Ul - .003 



Notes: 

1. Each lead centerline is located within .17 
mm [.0007 inch] of its true position [TP] at 
maximum material condition. 

2. Item "K" to center of leads when formed 
parallel. 
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64-Pln Plastic Mlnlflat 



Item 


Millimeters 


Inches 


A 


24.7 ±.4 


972 + 017 
972 -.016 


B 


20 ±.2 


795 + 009 
■ 79S -.008 


C 


14 ±.2 


551 +009 
551 -.008 


D 


18.7 ±.4 


0.736 ±.016 


E 


12.0 


.472 


F 


1.0 


.039 


G 


1.0 


.039 


H 


.40 ±.10 


■™32 


1 


1.0 [TP] 
Notel 


.039 [TP] 


J 


2.35 ±.2 


■-+£ 


K 


1.2 ±.2 


"32 


L 


15 + 1 ° 
15 -.05 


■«32 


M 


.15 
Note 2 


.006 


N 


2.05 !; 2 


■™ + -Z 





0.1 ±.1 


0.004 ±.004 



Note: 

[1] Each lead centerline is located within 
.20 mm [.008 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 




64-Pln Plastic QUIP 
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Item 


Millimeters 


Inches 


A 


41.8 max 


1.65 max 


C 


2.54 


.100 


D 


.5±.1 


.020 ±.004 


E 


39.37 


1.55 


F 


1.27 min 


.050 min 


G 


3.6 


.142 


H 


3.2 min 


.126 min 


I 


24.13 ±1.05 


.950 ±.041 


J 


19.05 ±1.05 


.750 ±.041 


K 


16.5 


.650 


N 


25 + 1 ° 
25 -.05 


*»32 
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PACKAGING INFORMATION 



64-Pln Shrink Cerdip with Window 



Item 


Millimeters 


Inches 


A 


58.68 max 


2.311 max 


B 


1.78 max 


.070 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.46 ±.05 


.018 ±.002 


E 


55.11 


2.17 


F 


.08 min 


.003 min 


G 


3.5 ±.3 


.138 ±.012 


H 


1.0 min 


.093 min 


1 


3.0 


.118 


J 


5.08 max 


.200 max 


K 


19.05 [TP] 


.750 [TP] 


L 


18.8 


.740 


M 


.25 ±.0S 


.010 ±.002 


N 


7.62 dia 


.300 dia 



Note: 

[1] Each lead centerllne is located within 

.25 mm [.01 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when formed 

parallel. 




64-Pin Ceramic QUIP with Window 



Item 


Millimeters 


Inches 


A 


42.0 max 


1.65 max 


B 


26.67 


1.05 


C 


2.54 ±.25 


.1 ±.01 


D 


.46 ±.05 


.018 ±.002 


E 


38.10 


1.5 


F 


1.02 


.04 


G 


1.27 ±.25 


.05 ±.01 


H 


1.02 min 


.04 min 


I 


4.95 max 


.194 max 


J 


3.2 min 


.126 min 


K 


24.13 


.95 


L 


19.05 


.75 


M 


.25 ±.05 


.01 ±.002 


N 


8.89 dia 


.350 dia 
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64-Pin Ceramic Piggyback QUIP 



Item 


Millimeters 


Inches 


A 


42.0 max 


1.65 max 


B 


26.67 


1.050 


C 


2.54 ±.25 


.100 ±.010 


D 


.46 ±.05 


.018 ±.002 


E 


38.10 


1.500 


F 


1.02 


.040 


G 


1.27 ±.25 


.050 ±.010 


H 


1.02 min 


.040 min 


1 


3.9 max 


.154 max 


J 


4.45 max 


.175 max 


K 


3.2 min 


.126 min 


L 


33.02 


1.300 


M 


2.54 ±.25 


.100 ±.010 


N 


.25 ±.05 


.010 ±.002 


O 


15.24 


.600 


P 


19.05 


.750 


Q 


24.13 


.950 



< ►■ 








oooooooooooooo 




) 






oooooooooooooo 




' ' 



ITZpHflJpHEHHESL]- 




-II Ik 



i 



rrrt 



-I 



|_. 



i 



fflllfflllm. Tt ft 



68-Pln Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Inches 


A 


25.2 ±.2 


.992 ±.008 


B 


24.20 


.953 


C 


24.20 


.953 


D 


25.2 ±.2 


.992 ±.008 


E 


1.94 ±.15 


■™ + -Z 


F 


.6 


.024 


G 


4.4 ±.2 


•«32 


H 


2.8 ±.2 


■«»32 


I 


.7 min 


.028 min 


J 


3.6 


.142 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ±.10 


•0<°005 


N 


23.12 ±.20 


910 + 009 
,S1g -.008 


O 


.15 
Note 2 


.006 


P 


1.0 


.040 


O 


R.8 


R.031 


R 


<0°6 


~3E 



Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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80-Pin Plastic Miniflat 



Item 


Millimeters 


Inches 


A 


24.7 ±.4 


972 + 017 
• 8 " -.016 


B 


20 ±.3 


795 + 009 
■ 795 -.008 


C 


14 ±.2 


551 + 009 
• 5S1 -.008 


D 


18.7 ±.4 


.736 ±.016 


E 


12 


.472 


F 


1.0 


.039 


G 


.8 


.031 


H 


.35 ±.1 


■™ + -Z 


1 


.8 [TP] 
Notel 


.031 [TP] 


J 


2.35 ±.3 


•-To! 


K 


1.2 ±.2 


"32 


L 


15 + - 10 
• 1S -.009 


■™ + -Z 


M 


.15 
Note 2 


.006 


N 


2.05+;^ 


°<°0°05 





.1±.1 


.004 ±.004 



Note: 

[1] Each lead centerllne Is located within 
.15 mm [.006 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Fiat within .15 mm [.006 inch] total. 
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84-Pin Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Inches 


A 


30.4 ±.2 


1.197 ±.008 


B 


29.30 


1.154 


C 


29.30 


1.154 


D 


30.4 ±.2 


1.197 ±.008 


E 


1.95 ±.15 


*" + -% 


F 


.6 


.024 


G 


4.4 ±.2 


173 + 009 
173 -.008 


H 


2.5 ±.2 


+ 009 

098 -Z 


1 


,6min 


.024 min 


J 


3.7 


.146 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ±.10 


*»+£ 


N 


28.51 ±.20 


+.009 
1 122 T,u "' 
''"-.008 





.15 
Note 2 


.006 


P 


1.0 


.040 


Q 


R.8 


R.031 


R 


20 +.010 
-.005 


+ 004 

• oo8 -:oo2 



Note: 

[1 ] Each lead centerllne is located within 
.12 mm [.005 Inch] ot its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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